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Intro&uc tion 

This  is  a  serial  publication  containing 
selected  translations  of  articles  on  the  machine 
building  industry  in  the  Soviet  Union. ^  This 
report  consists  of  translations  on  subjects 
listed  in  the  table  of  contents  below. 
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!♦  New  Instruments  ‘intended  for  Mass  Production  in  I960 

following  is  a  translation  of  an  article  by 

I.  I.  Gur'yakov  in  Priborostroyeniye  (Instrument 

Building) ,  No.  2,  February  I960,  pages  30-32; 

CSO;  2900-N/ll  (25)_J 

Miniature  electronic  automatic  indicating  and  control  - 
potentiometers  of  the  PPR4  type  and  bridges  of  the  MPR4  type 
of  general  industrial  application. 

These  potentiometers  are  intended  for  the  measurement 
and  control  of  temperature . in  a  set  with  thermocouples,  radia¬ 
tion  pyrometers,  and  electromotive  force  pickups  and  the 
bridges  --  ih  a  set  with  electrical  resistance  thermometers. 

The  potentiometers  and  bridges  will  be  produced  with 
several  modifications;: 

PPR-4-04,  MPR4-04  —  with  a  built-in  master  for 
electrical  proportional  and  isodromic  control  with  a  100 
percent  proportionality  zone,  with  one  emergency  signal 
dovic©  * 

* PPR4-02,  MPR4-02  with  a  position^-type  single¬ 

contact  control  device  and  with  a  built-in  device  for  remote- 
control  transmission  of  readings; 

PPR4-03,  MPR4-03  —  with  a  built-in  master  for  elec¬ 
trical  proportional  and  isodromic  control  with  a  100-percent 
proportionality  zone,  with  a  built-in  device  for  remote- 
control  transmission  of  readings; 

PPR4-04,  MPR4-04  --.  with  a  built-in  master  for 
electrical  proportional  and  isodromic  control,  with  a  100- 
percent  proportionality  zone,  with  one  emergency  signal 
device  and  with  a  built-in  device  for  remote-control  trans¬ 
mission  of  readings; 

PPR4-04,  MPR4-05  —  with  a  two-position  control  device; 

PPR4-06,  MPR4-06  --with  a  built-in  master  for  elec¬ 
trical  proportional  and  isodromic  control,  with  a  100- 
percent  proportionality  zone  and  with  two  emergency  signal 
devices • 

PPR4-07,  MPR4-07  --  with  a  posit ion- type,  two-contact, 
control  device  and  with  a  built-in  device  for  remote -control 
transmission  of  readings; 

PPR4-8,  MPR4-08  --  with  a  three-position  device. 

Basic  technical  characteristics  of  Instruments  of  PPR4  type 

Basic  error  in  %  *0.25 

Variation  in  %,  not  higher  than  iO.25 


-  1  - 


Threshold  of  pickup  in  %  ±0.1 

Error  of  operation  of  contacts  of  position 

control  device  In  %,  not  higher  than  *0.5 

pver-all  dimensions  in  m  204X190X405 

Feeding  of  the  power  system  of  the. instruments  is 
accomplished  by  alternating  current  of  127  volts  and  of  a 
frequency  of  50  cycles  per  second.  By  varying  the  feed 
voltage  by  10  percent  and  the  frequency  by  five  percent 
■  f rOm  the  nominal  value,  the  error  of  the  instruments  does 
not  exceed  the  basic  error. 

Miniature  electronic  automatic  reading  and  control 
;  instruments  of  the  DPR4  tyr-3  of  general  industrial  applica¬ 
tion  with  a  differential -transformer  system*  .  . 

These  instruments  are  intended  to  operate  in  a  set 
with  differential-transformer  pickups  of  pressure,  flow,  and 
level.  Fig.  2  shows  a  general  view  of  the  instrument  with  a 
protruding  and  turned  bracket. 

•  The  instruments  will  be  produced  in  several  modifica¬ 
tions: 

DPR4-01  —  intended  for  the  measurement  of  pressure  or 
level,  with  a  built-in  master  for  electrical  proportional  or 
isodromic  control,  with  a  100-percent  proportionality  zone, 
and  with  one  emergency  Signal  device;  • 

DPR4-02  —  intended  for  the  measurement  of  flow,  with 
a  built-in  master  for  electrical  proportional  or  isodromic 
control,  with  a  100-percent  proportionality  zone  and  with  t 
one  emergency  signal  device;  V 

DPR4-03  —  for  the  measurement  of  pressure  or  leve, 
with  a  posit ion- type,  single-contact  control  device  and  with 
a  built-in  device  for  the  remote-control  transmission  of 
readings ; 

DPR4-04  —  for  the  measurement  of  flow,  with  a  position- 
type,  single-contact  control  device  and  with  a  built-in 
device  for  remote-control  transmission  of  readings; 

DPR4-05  —  for  the  measurement  of- pressure  or  level, 
with  a  built-in  master  for  electrical  proportional  or 
isodromic  control,  with  a  100-percent  proportionality  zone 
and  with  a  built-in  device  for  remote-control  transmission 
of  readings ; 

DPR4-06  --  for  the  measurement  of  flow,  with  a 
built-in  master  for  electrical  proportional  or  isodromic 
control,  with  a  100-percsnt  proportionality  zone  and  with 
a  built-in  device  for  remote-control  transmission  of  readings ; 

DPR4-07  --  for  the  measurement  of  pressure  or  level, 
with  a  built-in  master  for  electrical  proportionality  zone, 
with  one  emergency  signal  device  and  with  a  built-in  device 
for  remote -cbntrol  transmission  of  readings; 


DPR4-08  --  for  the  measurement  of  flow,  with  a  built- 
in  master  for  the  electrical  proportional  or  isodromic  con¬ 
trol,  with  a  100-percent'  proportionality  zone,  with  one 
emergency  signal  device,  and  with  a  built-in  device  for  the 
Remote-control  transmission  of  readings] 

DPR4-09  --  for  the  measurement  of  pressure  or  level, 
tyith  a  position- type  two-contact  control  device]  •  f 
DPR 10  —  for  the  measurement  of  flow,  with  a 
position- type,  two  contact  control  device; 

DPR4-11  --for  measurement  of  pressure  or  level,  with 
a  built* in  master  for  electrical  or  isodromic  control,  with 
a  lOOrperpent  proportionality  zone  and  with  ttfd  emergency 
signal.- devices;  */ 

DPR4-12  —  for  measurement  of  flow;  with  a  built-in 
master  for  electrical  proportional  Or  isodromic  control, 
with  a  100-percent  proportionality  zone  and  with  two 
emergency  signal  devices; 

BPR4-3.3  --  for  measurement  or  pressure  or  level,  with 
a  position- type,  two  contact  control,  and  With  a  built-in 
device  for  remote-control  transmission  of  readings; 

DPR4-14 — for  measurement  of  flow,  with  a  two-posi¬ 
tion  control  and  with  a  built-in  device  fop  remote-control 
transmission  of  readings;'  .  1 

DPR4-15  --  for  measurement  of  pressure  or  level,  with 
a  position- type  three-contact  control  device; 

DPR4-16  --  for  measurement  of  flow,  with  a  position- 
type,  three  contact  control  device. 

Basic  technical  characteristics  of  instruments  of  DPR4  type 

Basic  error  in  %  +0.25 

Variation  in  fo,  nor  higher  than  i-0.25 

Threshold  of  pickup  in  ^  10.1 

Error  of  operation  of  contacts  of  the 
position- type  control  device  in  $, 

not  higher  than  ±0.5 

Over-all  dimensions  in  mm  r  ■;  '  204X190X405 

Feeding  of  the  power  system  of  the  instruments  is 
accomplished  by  an  alternating  current  of  127  volts  and  a 
frequency  of  50  cycles  per  second.  By  varying  the  voltage 
of  the  feed  by  *10  percent  and  the  frequency  by  +5  percent 
from  the  nominal  value,  the  error  of  the  instruments  does 
not  exceed  the  basic  error. 

Automatic  reading,  self-recording  and  control  minia¬ 
ture  electronic  secondary  instruments  of  DSM2  and  DSMR2  type 
with  a  differential-transformer  system,  with  a  chart  tape 
100  mm  wide.  ■  .  .  ' 


Instruments  of  BSM2  and  DSMR2  type  (Fig.  3)  are 
Intended  for  the  measurement  of  pressure,  vacuum,  flow, 
level,  and  other  magnitudes.  They  will  be  produced  in  a 
set  with  a  corresponding  pickup  and  different  additional  • 
devices,  for  examples  , 

(a)  with  an  electrical  position- type  control  device; 

(b)  rheostat  master  for  electrical  proportional  and 
isodromic  control,  in  a  sec  with  control  fixtures  and  ;  , 

(c)  with  a  device  for  the  remote-control  transmission 
of  readings . 

The  basic,  error  of  measurement  and  recording  amounts 
to  —  1  percent  of  the  region  of  measurement,  threshold  of 
response  0.2  percent,  time  of  passage  with  carriage  and 
indicator  and  pen  of  the  entire  length  of  the  scale  can 
have  three  values:  1,  2.5,  and  6  seconds.  The  speed  of 
movement  of  the  chart  tape  can  be  20,  60  and  180  millimeters 
per  hour. 

Feeding  of  the  measurement  system  is  accomplished  fran 
a  1PS-113  stabilized  source  of  direct  current.  Feeding  of 
the  power  system  of  the  instruments  --  alternating  current  of 
127  volts  and  frequency  of  50  cycles  per  second  through  a 
separating  transformer.  The  power  consumed  is  50  watts. 

The  over-all  dimensions  are '.186  X  186  X  440  millimeters. 

PSM2  and  PSMR2  automatic  indicating  self-recording 
and  control  miniature  electronic  potentiometers  and  MSM2 
and  MSMR2  bridges  with  a  chart  tape  100  millimeters  wide. 

The  potentiometers  are  intended  for  measurement, 
recording,  and  control  of  temperature,  in  a  set  with  thermo¬ 
couples,  radiation  pyrometers,  and  pickups  of  electromotive 
force,  while  the  bridges  are  in  a  set  with  the  resistance 
thermometers  (Fig.  4).  All  these  instruments  can  have  the 
following  additional  devices: 

(a)  electrical  position-type  control  device; 

(b)  rheostat  master  for  electrical  proportional  and 
isodromic  control,  in  a  set  with  control  fixtures; 

(c)  device  for  remote-control  transmission  of 
readings. 

The  basic  error  of  measurement  and  recording  amounts 
to  il  percent  of  the  field  of  measurement,  the  threshold  of 
sensitivity  0.2  percent.  The  time  of  passage  of  the 
carriage  with  indicator  and  pen  of  the  entire  length  of  the 
scale  can  have  three  values:  1,  2.5,  and  6  seconds.  The 
speed  of  movement  of  the  chart  tape  can  be  20,  60,  and  180 
millimeters  per  hour. 

Feeding  of  the  measurement  system  of  the  potentio¬ 
meters  is  accomplished  from  a  ISP-113  stabilized  source  of 
direct  current,  while  feeding  of  the  bridges  —  from  the 
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winding  of  the  power  transformer  of  the  amplifier  of 
6.3  volts.  Feeding  of  the  power- system  of  the  instruments 
is  accomplished  through  a  separating  transformer,  with  al¬ 
ternating  current  of  127  volts  and  a  frequency  of  50  cycles 
per  second.  Ttip  power  consumed  is  50  watts;  the  over-all 
dimensions  ar,e  186  X  1 86  X  440  millimeters. 

Small-Size  automatic  indicating  self-recording  and 
control  instruments  with  a  differential-transformer  system, 
multipoint.  V' 

The  instruments  (Fig.  5)  with  2,  3,  6  and  12  points, 
with  a  differential -transformer  measuring  system  and  a 
recording  on  a  chart  tape  160  millimeters  wide  are  intended 
for  measurement  and  control  of  the  following  magnitudes; 

(a)  difference  in  pressure  (gradient); 

(b)  flow  (liquid,  steam,  gas/; 

(c)  excess  pressure; 

(dJ  vacuum; 

(e)  other  magnitudes,  for  the  measurement  of  which, 
differential-transformer  pickups  are  utilized. 

The  instruments  with  two  points  of  measurement  are 
intended  for  operation  with  level  pickups;  instruments  with 
3  and  6  points  --  for  operation  with  flow  pickups,  and 
instruments  with  2  and  12  points  --  for  operation  with 
pickups  of  pressure  and  vacuum. 

The  instruments  operate  in  a  set  with  pickups  which, 
by  means  of  a  multi-point  switch,  are  successively  connected 
to  the  electrical  measuring  system.  The  pickups  are 
mutually  interchangeable. 

The  instruments  can  have  a  three-position  control 
device  for  controlling  one  point  and  a  signal  device  for 
signalling  all  the  points  (without  blocking  the  signal  and 
with  blocking  the  signal). 

Basic  technical  characteristics 


Basic  error  of  the  readings  in  $  from  working  course  of 
pickup  plunger: 

(a)  for  instruments  without  an 
air  gap  in  the  plunger  of  the 

induction  coil  I0.5 

(b)  for  Instruments  with  an  air 
gap  in  the  plunger  of  the 

induction  coil  ±1.0 

Error  in  the  recording  in  #  of  the  working 

course  of  the  pickup  plunger  +1.2 

Variation  in  readings  in  $>  of  the  working 
course  of  the  pickup  plunger: 

(a)  for  plunger  course  from  0  to  2 

mm  and  from  0  to  5  mm  1.0 
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(b)  for  plunger  course  fron  0 

to  7  mm  0.5 

Threshold  of  pickup  in  %  0.2 

Error  in  operation  of  signal  contacts 

in  %  1.0 

Time  of  run  of  carriage  over  entire 

scale  in  seconds  r  2,  5  and  8 

Speed  of  movement  of  chart  tape  in 

mm/hour  •  •  20;  40;  60:  80; 

•  120;  l80;  240; 

36O;  480;  and  720 

Cycles  of  printing  in  seconds  3>2;  6,4;  and  12,8 

Power  consumed  in  watts  60 

Over-all  dimensions  in  mm  •  ;  '330X287X445 

Weight  in  kg  20 

The  last  of  the  aboVe'-:eir:iio tod  instruments  will 
be  produced  by  the  L:vov  Council  cf  National  Economy;  all 
the  remaining  --  by  the  Council  of  .  National  Economy  of 
the' Armenian  SSP. ,  '  "• 
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2.  The  ITS-1  Instrument  (for  the  Cattle  Industry ) 


following  is  a  translation  of  an  article  by 
V.  P.  Zav'yalov  in  Byulleten'  Tekhniko-Ekono- 
micheskoy  Informa t si i  (Bulletin  of  Technical- 
Economic  s Information ) ,  No .  2 , . February  I960 ,  ; 
pages  33-34;  CSOs  2900-N/ll  (26)  J  :  c  :  ,.i  ; 

The  Scientific  Research  Institute  of  the  Cable  Industry 
(SCICI)  Of  the  State  Committee  of  the  Council  of  Ministers 
USSR  for  Automation  and  Manhinebuilding  developed  the  ITS-1 
instrument  in  1958*  (The  Instrument  was  developed  under  the 
leadership  of  engineer  V.  0.  Blokhin. )  It  is  intended  for 
the'  measurement  of  the  thickness  of  lead  .sheathing  applied 
on  a  cable  in  order  to  eliminate: eccentricity  (difference 
in  wall)  obtained  during  the  spewing  process  .  •  >  ;  ^ 

With  proper  graduation,  it  can  also  be  used  for  the 
measurement  of  the  thickness  of  any  electric  conducting 
material  by  the  contact  method.  ..  . 

The  ITS-1  instrument  makes  it  possible  to  measure 
periodically  the  common  given  thickness  of  the  lead  sheath¬ 
ing  ;of  the  cable  along  its  entire  length,  to  detect  a  ^ 
difference  in  the  wall  of  the  sheathing  without  disturbing 
its  integrity  and  to  make  prompt  adjustment  of  the  press, 
thereby  preventing  rejects .  Besides  this ,  when  the  given 
instrument  is  used,  errors  are  prevented  which  are  unavoid¬ 
able  during  measurement.  .*V.  .  'i 

Technical  characteristics  of  the  instrument  V-'.;  V,,.'  .  .  ;  . 

Measurable  thickness  of  the  lead 

sheathing  of  the  cable  i  ,  CT1  to  3«5  mm 

Maximum  error  of  measurement  +3$ 

Power  consumed  .  . ..  TOO  watts 

Over-all  dimensions  (length  x  ,  : 

width  x  height)  V.  h  V"  ..."  .420X270X510  m 

weight  v*. ... .. :/ .  .  46  kg 

Magnitude  of  current  passing  during  the 

measurement  through  the  lead  ‘J  ^  . 

sheathing  20  ampere 

Voltage  at  the  contacts  of  the  ....... ,,  • 

pickup  .  ;  ’  .  2  *5  volts 

Value  of  each  graduation  division  ,  V  ..  (  f  .  "  < 

on  the  scale  6.01  mm 


3.  Small-Size  Impact-Resistant,  Direct-Current 
Panel  Instruments 

/following  Is  a  translation  of  an  article  by 
3.  I.  Yur'yeva  In  Byulle ten 'Tekhniko-Ekonomi - 
cheskoy  Informatsii  (Bulletin  of  Technical* 

Economic  Information),  No.  2,  February  I960, 

,  pages  38-395  CSO:  2900-N/ll  (27 \J 

r  •:  In  1959,  the  "Vibrator'*  plant  developed  and  Initiated 
production  of  small-size,  panel,  impact-resistant  direct- 
current  ammeters  arid  voltmeters  Of  the  Ml45  type  which  are 
resistant  against  impacts  of  high  intensity  and  are  intended 
for  operation  at  the  temperature  of  the  surrounding  air  from 
--40  to  +60°  and  In  a  relative  humidity  up  to  98  percent, 
under  conditions  of  vibration,  jolting,  and  slopes  up  to 
43°.  Thus,:  they  can.  be  utilized  for  the  measurement  of 
direct  current  in  any  installations  under  particularly  heavy 
conditions  of  operation*  ;;  f 

"  * !  The  instruments  are  'issued  in  round,  metallic,  air¬ 
tight  bodies  with  a  square  cast  cover  plate.  The  weight  of 
the 'instruments  is  0.45  kilogram;  the  over-all  dimensions 
are  $5  X  85  X  90  millimeters,  class  2.5. 

r  .  ;  The  measuring  instrument • has  an  intra-frame  magnet 
(See  illustration)  in  the  form  of  a  cylinder,  situated  within 
the  work  frame  and  placed  within  a  yoke  of  soft  iron.  In 
order  to  equalize  the  field  in  the  work  gap,  pole  straps  are 
mounted  on  the  magnet.  Such  a  construction  makes  possible 
maximum  utilization  of  the  magnetic  flux;  moreover,  the  in¬ 
fluence  of  external  magnetic  field  1  is  reduced  to  a  minimum 
arid  the  consumption  of  magnetic  materials  is  reduced  con¬ 
siderably. 

*  "  A  characteristic  peculiarity  of  this  construction  is 

the  fact  that  the  parts  of  the  measuring  instrument  are 
secured  hot  on  the  base,  as  is  customary,  but  on  a -metallic 
membrarie  which  is  connected  with  the  body,  not  rigidly,  but 
by  means  of  a  rubber  ring.  Such  an  attachment  assures  Shock 
absorption  by  the  measuring  instrument  of  high-intensity 
impacts . 

„  The  instruments  have  no  corrector;  the  stability  of 
the  ’zero  position  of  the  needle  is  assured  by  the  high 
mechanical  qualities  of  the  springs "made  from  BrB2  bronze. 

itif  :  /  •  •  t  ■  •  .  i  ■ 


Measuring  mechanism  of*  type  M145 

instrument; 

1  —  closing  yokej  2  —  loop;  3  —  Pole 
straps;  4  —  magnet;  5  -*  clamp 


Mechanical  strength  of  the  instrument  is  attained 
not  only  by  the  general  shock  absorption  by  the  measur¬ 
ing  instrument,  but  also  by  shock  absorption  by  the  mova 
movable  portion  in  the  supports*,  the  design  of  the 
mandrel  of  the  step  bearing  assures  spring  shock  of  amg" 
tion.  The  parts  of  the  movable  portion  are  made  of  AMG 
alloy  which  has  a  high  rigidity  and  small  weight. 

Because  of  these  characteristics,  the  instrument  has 
impact  resistance  and  withstands  prolonged  vibration 
within  the  range  of  frequencies  of  3*3  to  ji  cy-les  per 
second  for  an  acceleration  of  10  meters/square  second. 

In  rog&rd  to  til©  operational  and  technical 
characteristics,  instruments  of  the  type  M145  are  not 
inferior  to  similar  instruments  of  foreign  firms  and 
have  a  much  higher  mechanical  strength. 

The  basic  technical  characteristics  of  the 

instruments  are  listed  in  the  table.  _ 

The  ammeters  are  made  for  connection  to  shunts  y 
wires  with  natural  resistance  of  0.035  to  0.26  onms. 
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Table 


tlsme  of 

Ins  trttment. 

Limit  of 
Measurement. 

Connection 

of 

Instrument 

Resistance 

of 

Instrument 

L, . .  r  - - 

Auune  ter  3 

3.  10.  20.  30. 
r-0.  7^.  100. 

1  13-0.  200.  300. 
300.  750.  1000. 
amperes 

With  external 
shunt  of  75 
millivolts, 
type  75ShS 

, 

1 

Voltmeters  1 

'*.3  13.  30.  50 
130*  230.  330* 
and  430.  volts 

. 

pirec  t.ly 

3000,  3000, 

io , 000 , 
20,000, 
30,000, 
100,000, 

130,000  ohms 

L 


J 


10 


4.  Domestically  Produced  kagnetoeleotrlc 
6scillographsi 


/Following  is  a  translation  of  an  article  by 
Ye.  S*  Borisevich  in  Priborostroyeniye  (Indus¬ 
trial  Building),  No.  2,  February  I960,  pages 
24-29*  0S0:  2900-N/ll  (28)^7 


All  possible  self-recording  instruments  for  contin¬ 
uous  or  selective  recording  of  different  processes  are 
widely  used  in  modern  experimental  investigations  and 
technical  measurements.  Among  these  instruments,  a  special 
place  is  occupied  by  magnetoelectric  oscillographs  which 
accomplish  the  recording  on  a  uniformly  moving  phototape  by 
means  of  a  light  ray* 

Among  the  important  advantages  of  magnetoelectric 
oscillographs  is  the  high  sensitivity  of  their  measuring 
devices  (mirror  galvanometers),  the  possibility  of  re¬ 
cording  within  a  wide  range  of  frequencies  (from  fractions  to 
thousands  of  cycles  per  second),  and  also  the  possibility  of 
simultaneous  recording  of  many  processes  on  one  tape,  which 
makes  it  possible  to  study  and  compare  their  development  with 
time.  The  accuracy  Of  the  recordings  obtained  on  oscillo¬ 
graphs  reaches  one  percent.  Magnetoelectric  oscillographs 
are  relatively  simple  tb  service  and  are  convenient  for  use 
under  laboratory  as  well  as  Industrial  conditions . 

Oscillographs  are  used  widely  in  many  fields  of 
science  and  engineering  for  recording  different  magnitudes 
which  have  been  converted  into  electrical  ones . 

In  the  Soviet  Union,  the  development  of  magnetoelectric 
oscillographs  was  started  in  the  Thirties,  almost  at  the  same 
time  in  several  scientific  organizations  /l/,  /2/,  but, 
unfortunately,  it  was  interrupted  by  the  war  and  was  only 

resumed  in  1945-1947  /3/  -  /5/ • 

During  subsequent  years,  considerable  progress  was 
attained  in  the  field  Of  oscillograph  production.  Soviet 
scientists  and  engineers  made  a  substantial  contribution  to 
the  perfection  of  designs  and  development  of  a  procedure  for 
calculating  the  basic  elements  of  magnetoelectric  oscillograph 
/6/  --  /12/ . 

XT  The  paper  corresponds  essentially  to  the  reports  which 
were  read  by  the  author  at  the  first  scientific-technical 
conference  on  magnetoelec trio  oscillographs,  which  are  held 
in  Leningrad  in  March  1958  and  at  the  seminar  on  vibration 
engineering  in  Moscow  in  February  1959* 
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'  ■•'rr.  Pig.  1.  Eight-channel  eacill ogreph  • 

'  ‘  '  .!  '  '  MPO-2;  :  •  v.  ■  -i  . 

'  ^  1  —  terminal s  .for:  connecting  the  .  ..  • 

'  •  :  ■’  pickups;  2— galvanometer :  breaker}  • 

-  •  3’ — •'Wattmeter  terminal  3 ;  4- -control  . 

'  levers-}'  -marker  break.}  6--startlng . . 

>  button  for  filmy -7--'  terminal s.^of 

•  ■  remote- control  stet;  8.— voltmeter; 

■io  :  c— rhecste  t ;  10-11— speed  .  .change- 

•  over:  switches;  12— control  c-f  ,. i  • 

‘  scanning' speed;  ;13- -cover  of  gal-. 

•f  - ■  - ■ even ora e T t r  block;  14— dull  . screen; 

15 --cover;  16— illuminator;;  1? — 

.  controls  .of  hi  1 1  diaphrams 
•'  ■  IB— electric  motor  breaker; 

lb-charging  casette;  20— receiv- 
•  ing  casette;  .21  —  indicator  of 

reserve  film;  22— control  Of  frame  ; 

■  length;  23— contact  control;  . 

::  ,2k  u- control  terminal;  '25- -vent  11  a - 

;  t i on  grate.  - .  -  .  :  . - 

~  Uni  vet's  el  Oscillographs  :  ■  ’ 

Table  1  gives  brief  technical  characteristics 
of  universal  lragnetcelectric  oscillographs  developed 
end  produced ‘  in  the-  USSR.  ;; 

.  Ir  ,  accordance  with '  the  control !  f  1  g.ures  of  the 
[' Seven-Year' Plan  and  the  recommendations  of  the  First 
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Table  1 


1 


Technical  characteristics  of  universal  magnetoelectrie 
oscillographs  produced  in  the  USSR 


type  of 1 
Oscil¬ 
lograph 

Salvanometeraj 

Length  o£ 

Optical 

Indicator 

Type  of 
Cassette 

' 

r  T  ■  ■  1  . .  U  ■ 

Phototape 

trr 

| 

;  S5ij 

h’, 

Type 

13 

in 

fa 

■ 

Speed  in  cm/sec 

UFO-2* ** 

8 

loop 

250 

Tape 

3*5 

L— . 

5 

From  0.1  to  500 

K- 12-21* 

12 

Frame 

300 

Tape 

10 

» 

0.3-1.2-6-25 

K- 20-21 

20 

Frame 

300 

Tape 

20 

35 

0*1-0.25-2.5- 

-10-100-250 

12-OS-2 

12 

Frame 

268 

Tape 

12 

25 

0.5-2.5-5.0-25-90 

OT-24 

24 

Frame 

300 

Tape 

20 

40 

From  0.5  to  100 

POB-14M 

so 

14 

Frame 

300 

Jape_ 

12 

12 

0.6 

0.25-1-4-16-64-250 

Drum 

50-200-800 

POB-12M 

12 

,™.  1 

420 

Tape 

Drum 

12 

12 

0j5 

From  0*03  to  150 

From  0.16  to  800 

POB-9 

9 

Frame 

250 

Tape 

brum 

6 

12 

0.3 

From  0.25  to  $0 { 
From  2.5  to  800 

*  Oscillographs  produced  in  large  series. 

**  P0B-14M  oscillograph  produced  by  the  Kishinev  plant  under 
index  N-700, 


/Table  continued  on  next  page/  J 


£Table  1  continued  from  page  1_3/ 


1 


Time 
parking 
in  cycled 
per  second 

Visual 

Observation 

Source 
of  feed 

Weight 
in  kg 

Remarks  j 

ft 

tt 

500 

With  -mechanical 
scanning 

*24 

*-127 

~220 

4 

0.8 

33 

l 

1-10 

No 

*27 

5 

10 

12 

Has  electric  heater 

0.1-1-10- 

100 

With  mechanical 
scanning 

*27 

9 

20 

27 

The  same 

* 

'"'10 

No 

| 

cm 

16 

H  »» 

. 

j.  100 

Without  scanning 

*»24 

5 

37 

*• 

10-200 

With  mechanical 
scanning 

*v>24 

3 

6 

18 

Has  rectifier  and 
electric  heater 

10-200 

With  mechanical 
Scanning 

~24 

1 

Has  rectifier  and 
feeding  from  the 
network 

200 

The  same 

--24 

LL 

9 

The  same 

J 

L 
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Wig.  2*  K-12-21  twelve -channel 

. .  oscillograph . 

T-'-hsftdl'er 'for  controlling  the 
incandescence  of  the  tubes j 
changeover  switch  of  phototape 
speed}  3^-ill uffllnat ion  lamp 
breakers;  4 — cover  cf  illuminators; 

5 --electric  motor  breaker;  6-- 
signal  lamp;  7 — button  for  markings; 
^--casette' attachment  lock;  $--cover 
of  the  magnetic  block;  10- -handle  of 
take-up  reel . 


Scientific-Technical  Conference  on  Magnetoelectric 
Oscillographs  by  the  State  Planning  Commission  of  the 
USSR »  energetic  measures  have  been  taken  for  expanding 
the  production  of  magnetoelectric  oscillographs.  At. 
the  present  time,  a  new  plant  of  electric  measuring 
instruments  of  the  council  cf  national  economy  of  the 
Moldavian  SSR  has  started  operations  and  the  mass 
production  of  oscillographs;  a  second  plant  is  being 
readied  for  operations.  It  is  natural  that  at  the 
first,  time  the  new  enterprises  will  need  serious 
assistance . 

Pig.  1  shows  a  type  MFC -2  universal  oscillograph 
which  is  used  most  widely  in  our  country.  This  instru¬ 
ment  has  been  in  production  for  several  years.  However,  . 

L  its  individual  parameters,  for  example,  the  character! 3--^ 
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tics  of  the  galvanometers,  width  of  the  phototape,  and 
weight  of  the  instrument  (see  Table  1)  already  satisfy 
many  consumers.  , 

Type  K-12-21  /13/  oscillograph  shown  in  Pig.  2 
and  the  K-20-21  and  12-00-2  oscillographs  are  intended 
for  tests  Of  aviation  equipment  /I 4/*  At  the  same  time, 
they  can  be  utilized  with  success  in  other  investiga¬ 
tions.  All  these  instruments  can  withstand  considerable  _ 
overloads,  have  increased  vibration  resistance,  are 
equipped  with  electric  heaters  and  thermoregulators  for 
operation  at  low  temperatures,  have  devices  for  punching 
of  lines  of  the  recording,  panelB  for  remote  control,  and 
other  additional  devices  related  to  special  conditions  of 
operation. 

Type  K-12-21  oscillograph  is  being  mass  produced  at 
the  instrument  building  plant  of  the  Leningrad  Council  of 
National  Economy.  The  K-20-21  oscillograph  is  being 
readied  for  mass  production.  The  12- OS-2  oscillograph  is 
being  produced  .at  the  establishment • of  the  Moscow  Regional 
Council  of  National  Economy  in  comparatively  small  numbers 

Type  OT-24  oscillograph,  shown  in  Fig.  3>  was 
developed  on  the  base  of  the  type  03-27  seismic  prospect¬ 
ing  oscillograph.  It  is  equipped  with  highly  sensitive 
galvanometers  of  the  type  GEMZ-46  vith  a  frequency  of 
natural  vibrations  from  20  to  600  cycles  per  second  and 
electromagnetic  damping.  A  certain  Inconvenience  is  the 
utilization  of  an  electromagnet  instead  of  a  permanent 
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Pig.  3*  OT-24  Twenty -channel 

oscillograph. 


f 


Fig,  4,  P0B-14M  Fourteen- channel 

oscillograph. 

l--tape  cssette;  2- -cover  of  the 
body;  3~-fclding  door;  4-plug 
connectors  for  connecting  the 
pickups;  5“ plug  connector  for 
connecting  the  panel  of  remote 
control;  6- -ears  for  suspending 
the  instrument  on  shock  absorbers. 


magnet  In  the  black  of  the  genv  a  nometers  .  The  0T-24- 
oectllagreph  is  a  part  of  the  installation  for  tenso¬ 
metric  measurements.  These  instruments  are  being  pro¬ 
duced  In  small  numbers  at  the  plant  of  the  Moscow 
Council  of  Hat tonal  Economy. 

Oscillographs  of  the  types  P0B-14M  (see  Fig.  4; 
as  veil  as  the  rOB-12  and  POB-9  oscillographs  were 
developed  in  the  Institute  of  Physics  of  the  Earth  of 
the  Acad.  Sci.  USSR  /1 5/'-  They  are  provided  with  high¬ 
ly  sensitive  frame  ganvanometers  of  the  types  GB-IV 
end  G-B-121  with  a  frequency  of  free  vibrations  from 
1  to  10,000  cycles  per  second.  All  these  instruments 
are,  in  addition  to  tape  casettes,  equipped  with  drum 
cssettes  for  recording  brief,  high-frequency  processes. 
Feeding  can  be  accomplished  from  storage  batteries  as 
veil  as  from  a  network  of  alternating  current,  through 
semiconductor  rectifiers  installed  in  the  oscillographs. 

The  P0B-12M  and  PQB-S  oscillographs  are  so  far 
be j  nv  produced  in  small  numbers  by  the  shops  of  the 
Special  Design  Bureau  of  the  Institute  of  the  Physics 
of  the  Earth  of  the  Aced.  Sci.  USSR , 

The  oscillograph  of  Type  P0B-14m(N-7G0)*  is  a 

L  *  The’Tn5ex  N-700  has  been  assigned  to  the  oscillograph 
bv  the  Kishinev  plant. 
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Pig,  5*  Six-channel  P0-6M  oscill¬ 
ograph  with  autonomous 
electric  feeding; 

1  --tape  casette;  2--door  of  the 
body;  3--filament  resistor;  4— 
illuminator  5“-®srker  breaker; 

6- -terminals  for  connecting  the 
pickups;  7* “terminals  for  connec¬ 
ting  the  marker;  S--ears  for  sus¬ 
pending  the  instrument  on  shock 
absorbers;  9 — frame  with  dull 
screen  for  setting  the  optics; 

10— starting  switch, 

modernized  model  of  the  POB-14  oscillograph  and  is  being 
produced  by  the  shops  of  the  Moscow  Mechanical  Technical 
School  and  by  the  Kishinev  plant  of  Electrical  Measuring 
Instruments.  It  can  be  assumed  that  oscillographs  of 
this  type  will  have  considerable  use. 

The  set  of  the  P0B-l4(N-700)  oscillograph  has  a 
panel  of  remote  control  and  a  magazine  of  shunts  and  re¬ 
sistances  for  regulating  the  sensitivity  and  damping  of 
the  galvanometers.  The  instrument  has  a  motor  marker  of 
time,  which  has  an  accuracy  of  *1  percent.  The  scanning 
of  the  recorded  curves  on  the  screen  of  visual  observation 
is  accomplished  mechanically  and  can  be  regulated  smoothly. 
The  oscillograph  is  provided  with  galvanometers  of  type 
GB-IW  with  improved  characteristics. 

On  the  basis  of  the  MPO-2  oscillograph,  which  is  J 


being  produced  by  the  pliant  of  the  Leningrad  Council  of 
National  Economy,  an  experimental  specimen  of  a  new,  eight- 
channel  universal  oscillograph  of  the  type  N-101  was  de¬ 
veloped  and  produced  in  1958.  In  this  instrument,  the  re¬ 
cording  can  be  accomplished  on  a  motion  picture  film  as  well 
as  on  photopaper  10  centimeters  wide*  The  N-101  oscillo¬ 
graph  is  not  listed  i|i  Table  1  because  its  production  is  not 
yet  organized. 

Special  Oscillographs 

Table  2  lists  the  technical  characteristics  of  some 
special  oscillographs  which  have  been  developed  and  are  being 
produced  in  the  USSR. 

The  N-10  and  N-ll  oscillographs  are  being  produced  by 
the  plant  of  the  Leningrad  Council  of  National  Economy.  The 
N-^IO  oscillograph  is  essentially  a  simplified  model  of  the 
MPO-2  oscillograph. 

The  K-5-22  oscillograph  is  being  produced  by  the 
instrument  building  plant  of  the  Leningrad  Council  of  National 
Economy. 

The  oscillographs  of  the  types  0S-60,  OS-24,  FR-5> 
and  EP0-5  are  used  for  geophysical  prospecting  of  minerals 
and  are  produced  at  the  plant  of  the  Moscow  Municipal  Council 
of  National  Economy. 

The  0Sh-9  oscillograph  is  intended  for  scientific  in¬ 
vestigations  and  is  produced  in  the  shops  of  the  Institute  of 
Chemical  Physics  of  the  Acad.  Sci.  USSR. 

The  oscillographs  of  types  0MS-11  and  U0-12  are  used 
for  scientific  geophysical  investigations  and  are  produced 
in  the  shops  of  the  special  design  bureau  of  the  Institute  of 
the  Physics  of  the  Earth  of  the  Ac^.d.  Sci.  USSR. 

The  P0-6M  oscillograph  with  autonomous  electric  feeding* 
shown  in  Fig.  5,  was  developed  by  the  Institute  of  the  Physics 
of  the  Earth  jointly  with  the  All-Union  Institute  of  Agri¬ 
cultural  Machine  Building  (VISKhOM)  and  is  produced  by  the 
shops  of  the  special  design  bureau  of  the  Institute  of  the 
Physics  of  the  Earth  and  by  the  experimental  plant  of  the 
VISKhOM,  In  this  instrument,  the  displacement  of  the  photo¬ 
tape  is  accomplished  by  a  spring  driver  and  the  electric 
feeding  of  the  Illuminators  and  of  the  time  marker  is  accom¬ 
plished  from  four  dry  cells  of  the  type  "Saturn"  (l-KS-UZ) 
Installed  in  the  instrument. 

The  oscillograph  of  type  STT  was  developed  in  one  of 
the  Moscow  institutes  and  is  intended  specially  for  the  regi¬ 
stration  of  thermal  currents* 

The  series  of  small-size  oscillographs,  including  the 
M04-56  oscillograph  indicated  in  Table  2,  was  developed  at 
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"  "  ■  Table  2  ,■  T  . 

Technical  characterietice  of  some  apecial-purpose  oscillographs  produced 

in  the  USSR 


Oscillograph 


.Type  Intended 
use 


Humber 

of 

Galvano¬ 

meter* 


For  field 
investigations 


For  registra¬ 
tion  of  therf 
rail  currents 


Table  2  continued  on  next  pagt^ 


20 


r 


/fable  2  continued  from  page  20/ 


Visual  ‘ 

Observa.** 
t  ion 

Source 

?y , 

of  Peed 

a- 

Weight 

in 

kg 

...  _ _ _ _ _ 

«* 

Remarks 

Without 
scanning  f 

127 

220 

MU 

mm 

No  s 

127 

220 

30 

No 

-27 

1 

With  electric  heating 

. 

'Without 

scanning 

u 

8 

r  . 

. _ ,  ~~ — 4 

Without 

scanning 

-12 

"  5  ' 

18 

. 

•Without 

scanning 

j^^jj 

100 

58 

|  Without 

I  scanning 

r-6 

5 

24 

r1"  1,111  - . ,JI  J  ™1  IU 

iWithout 

I  scanning 

-24 

m 

20 

Recording  on  the  aerophototape 

Without 

scanning 

-12 

25 

Drum  casette  is  available 

Without 

scanning 

-6 

’  1.5 

17 

With  spring  driver 

No 

-6 

0.5 

6 

With  spring  driver  and  autono¬ 
mous  electric  feeding 

No 

-27 

3 

iEZZZ 

-27 

1.7 

3 

J  | 
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Pig.  6.  Diagrams  of  the  measuring  systems  of 
mirror  galvanometers  for  oscillo¬ 
graphs  : 

a  -  loop  galvanometer-tvo-wire  circuit  (l-loop  of 
fine  metal  thread;  2-mirror;  3-supporting  thresh¬ 
olds;  4-drsv  spring);  b  -  frame  galvanometer  on 
two  spreads  (l-frame  of  fine  insulated  wire; 

2-upper  and  lower  spreads;  3-mirror;  4-drav  spring; 
5-supporting  thresholds;  6-current  conductor); 
c-high  frequency  frame  galvanometer  on  a  continu¬ 
ous  spread  (l-frame  of  fine  insulated  wire;  2-con- 
tinuous  metallic  spread;  3-mirror;  4-draw  spring; 
5-supporting  thresholds;  6-current  conductor). 


one  of  the  establishments  of  the  Leningrad  Council  of 
National  Economy. 

The  work:  of  developing  small-size  oscillographs 
suitable  for  installation  directly  in  the  test  object  is 
being  carried  out  in  the  Institute  of  the  Physics  of  the 
Earth  of  the  Acad.  Sci.  USSR  and  in  additional  organizations. 

Galvanometers  for  Oscillographs 

The  measuring  device  in  a  magnetoelectric  oscillo¬ 
graph  is,  as  is  known,  a  mirror  galvanometer  /2 /,  /6/-- 
/12/.  The  types  of  galvanometers  and  their  parameters  make 
an  imprint  on  the  entire  construction  of  the  oscillograph 
and  predetermine  its  operational  possibilities. 

At  the  present  time,  oscillographs  use  galvanometers 
of  two  basic  types:  loop  galvanometers  or  two-wire  circuits 
L  and  frame  galvanometers.  These  types  of  galvanometers  J 
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differ  essentially  in  their  design,  procedure  of  calculation, 

and  basic  parameters.  4  .  „  ~ 

Pig.  6  shows  schematically  the  measuring  systems  of 
modern  galvanometers  for  oscillographs. 

In  the  magnet  gap  of  a  frame  galvanometer  is  not  a 
loop  but  a  multifbrk  frame  supported  on  two  spreads  which 
operate  by  torsion.  Because  of  this,  it  becomes  possible 
to  produce  galvanometers  for  oscillographs  with  a  period  of 
natural  vibrations  up  to  one  second  and  with  a  correspondingly 
high  sensitivity,  which  makes  it  possible  to  record  on  oscil¬ 
lographs  signals  of  some  pickups  (vibrometers,  tensometers, 
thermocouples ,  etc#)  without  the  use  of  amplifiers*  Frame 
galvanometers  with  a  frequency  of  natural  vibrations  of  20 
cycles  per  second  and  lower  have  integrating  characteristics 
/12/. 

'  ’  For  recording  high  frequencies,  frame  galvanometers 

With  a  continuous  spread  /9/  &**e  used  along  with  two-wire 

circuits.  ...  ...  . 

In  a  frame  galvanometer,  it  is  possible,  without 
changing  its  sensitivity,  to  secure  the  mirror  in  any  place 
of  the  frame  and  also  along  with  the  frame,  on  the  spread. 

This  made  it  possible  to  group  the  galvanometers  in  a  common 
magnetic  system  and  to  reduce  their  deminsions  substantially. 
As  a  result,  it  became  possible  to  develop  highly  portable 
multichannel  oscillographs  /15/ >  AV •  4  4  .  , 

Table  3  lists  the  technical  characteristics  of  galvano¬ 
meters  for  oscillographs  produced  in  the  USSR. 

It  is  seen  from  Tables  1  and  3  that  Soviet  oscillo¬ 
graphs  essentially  use  frame  galvanometers.  The  utilization 
of  frame  galvanometers,  grouped  in  a  common  system,  instead 
of  loop  galvanometers  with  individual  magnetic  systems,  has 
made  it  possible  --  as  is  seen  from  Table  1  —  to  reduce  the 
weight  of  the  oscillograph  per  channel  from  four  to  1—1*5 


kilograms.  ,,  , 

It  is  necessary  to  point  out  that  domestically  prod¬ 
uced  galvanometers  for  oscillographs  are  not  inferior  to 
galvanometers  of  foreign  firms,  in  regard  to  their  design 
data  and  technical  characteristics.  (Winterllng,  K.  K. 
High-frequency  galvanometers.  III.  Mirror  galvanometers  with 
a  rotatable  frame.  Archives  of  Technical  Measurements  (ATM;, 
721,  19  April  1957*) 

Research  work  on  the  improvement  of  galvanometers  and 
their  technical  characteristics  is  continuing. 


Oscillographs  with  a  Visible  Recording 

An  inconvenience  of  magnetoelectric  oscillographs 
which  perform  the  recording  on  a  phototape  is  the  inability 
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Table  3 


T 


Technical  characteristics  of  some  galvanometers  for’  bscilligraphs  pro- 

’  duced  in  the  USSR 


Type  of 
Oscil¬ 
lograph 


Type  of 
gatVano- : 
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Frequency  1 

of  free 
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MPO-2  and  M-0 


MOV-2  loop 
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constant 

:i’n  a.' 
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ance  In 
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constant  1  ance  in 


in  a, 

m/ran. 
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K-21 


...  V  ,  . 

NU-84  frame 
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in  a. 
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ohms 
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r  ^/treble  3  continued  from  page  247 


12- OS**  2 

OT-24 

BOB-9- 12-14 

j  P0-6M 

Frame 

GEM2-46  frame 

GB-IV-A  frame 

GB-IV-B 

frame 

* 

Current 

Resist- 

Current  1 

Resist* 

Current 

Resist* 

Current 

Resist- 

constant 

ance  in 

constant 

ance  in 

constant 

ance  in 

constant 

ance  in 

in  a. 

in  a. 

in  a. 

ohm® 

in  a. 

m/sKtu 

Ta/xaai» 

m/mm. 

m/tnm. 

2.5  - 1«*' 

36* 

i,a  *  •«*’ 

170* 

' 

5  •  JO-* 

1.1* 

2  -  10- 

i:t* 

I  •  5<«- 

i;U* 

1.5  *  |0* 

20** 

1*2  -  10* 

45* 

a  io* 

*0* 

7,3  *  HK 

10* 

1  ■  10- 

170* 

6  *  tO- 

55* 
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56* 

, 

1  *  HH 

55* 

4.3  •»« 

15* 

a  -  iii** 

10 
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J65* 

M  - 

10* 

4,2  •  lO-’ 

56* 

1 *  I0~l 

10* 

7  *  lO*1 

56* 

1,50.0*- 

V 

5  *  10* 1 

k 

2.5  •  !<M 

k 

3  -  10-* 

& 

4*  l<h* 

& 
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2p?ablft  3  continued  from  page  2^7 


P0B-9- 32- 14; 

F0-6H 

HO 

GB-IV-V 

frame 

Frame 

_ _ _ ■  . . - - - — - 

Remarks 

:  Current 

Resist- 

Current 

Resist- 

constant 

ance  in 

constant 

ance  in 

in.  a* 

ohms 

in  a. 

olune 

t n/tnrn. 

in /ram. 

t  *  0* 

: 

t«t> 

1.  Frequencies  of  free  vibrations 

a  *  jo-' 

r»s* 

of  some  galvanometer  are  equal* 

1  *  HI- 

5S* 
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!  , 

2,  Current  constant  of  all  the 

*•!»■  , 

52* 

0  i  •  ill- 

to* 
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i*4 
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4  10- 
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star  have  elctromagnetic  damping. 
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is 
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5  •  tO*4 
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is 

11 
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Pig.  7.  FOB -14  oscillograph  with  an 
electrographic  attachment: 

1 — oscillograph;  ^--electro- 
graphic  attachment. 

to  obtain  at  once  a  visible  recording  of  the  processes  under 
investigation  and  the  need  to  process  the  tape  in  a  dark 
building  with  liquid  chemical  reagents. 

:  :The  development  of  methods  of  visible  recording  ac¬ 
complished  by  a  light  ray  by  means  of  highly  sensitive  mirror 
r galvanometers  give  the  magnetoelectric,  oscillographs  a  new 
valuable  quality ,  which  will  expand  still. more  the  field  of 
their  application.  In  particular,  such  oscillographs  should, 
in  the  corresponding  design  development,  be  simpler  and  more 
universal  than  modern  pen-writing  potentiometer?? 

At  the  given  time,  three  of  the  most  promising  methods 
of  obtaining,  a  visible  recording  on  an  oscillograph  have 
been  determined.  TV 

The  first  method  Is  based  on  the  utilization  of 
Promine-rhodon  "daytime**  photopaper  sensitive  to  ultra¬ 
violet  rays  and  slightly  sensitive  to  the  spectrum  of  vi¬ 
sible  light  /l6/.  As  a  light  source  in  the  given  case,  use 
is  made  of  a  mercury  lamp  of  high  pressure  and  the  corres¬ 
ponding  optics.  The  phototape  comes  out  of  the  oscillograph 
with  a  visible  recording  and  can  at  once  be  subjected  to 
.analysis.  Daytime  light  and  the  light,  of  the  electrical 
lamp  of  incandescence  cause  a  rather  slow  darkening  of  the 
photopaper In  case  of  the  need  of  prolonged'  storage  of  the 
.recording,  'the  phototape  is  treated  with  a  fixing  composition. 
Industry  has  mastered  the  production  of  bromine -rhodon  photo¬ 
paper  of  the  type  U-F,  and  at  the  present  time  the  plant  of 
the  Leningrad  Council  of  National  Economy  has  already  de¬ 
veloped  an  experimental  specimen  of  an  oscillograph  with  a 
visible  recording  based  on  the  utilization  of  such  paper .j 
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A  shortcoming  of  this  method  of  recording  is  the  need 
of  utilizing  a  mercury  lamp  of  high  pressure,  which  requires 

powerful  sources  of  feeding.  ^  _ 

The  second  method  is  based  on  the  principles  of 
electrography.  In  this  case,  the  recording  is  accomplished 
on  semiconducting  paper  and  comes  out  from  the  instrument 

developed  and  ready  for  reading.  .  ... 

As  a  result  of  the  joint  work  of  the  Institute  of  the 
Physics  of  the  Earth  of  the  Acad.  Sci.  USSR  and  the  Scienti¬ 
fic  Research  Institute  of  Electrography  (Council  of  National 
Economy  of  the  Lithuanian  SSR},  the  EPO-1  electrographic  at¬ 
tachment  has  been  designed  for  the  mass-produced  oscillo¬ 
graph  of  the  type  P0B-i4M(K-700) .  The  POB-14  oscillograph 
with  the  electrographic  attachment  is  3hown  in  Fig.  7 •  The 
attachment  is  installed  in  the  place  of  the  casette  of  the 
oscillograph  and  is  automatically  connected  to  the  mechanism 
and  the  electrical  circuit  of  the  Instrument. 

The  EPO-1  electrographic  attachment  makes  it  possible 
to  register  at  the  same  time  seven  different  processes  with 
a  frequency  of  up  to  50  cycles  per  second  and  an  amplitude 
of  25  millimeters.  Recording  is  accomplished  on  a  semicon¬ 
ducting  paper  tape  120  millimeters  vide.  When  the  attachment 
is  used,  galvanometers  of  the  type  GB-III  with  an  enlarged 
mirror  are  installed  in  the  oscillograph.  The  over-all 
dimensions  of  the  attachment  are  120  x  220  x  240  millimeters; 
the  weight  is  not  over  3*4  kilograms. 

In  I960  the  Kishinev  Plant  of  Electrical  Measuring 
Instruments  started  mass  production  of  the  EPO-1  electro¬ 
graphic  attachments  for  the  POE-14M(N-700)  oscillographs 
produced  by  this  plant . 

The  third  method  which  makes  it  possible  to  obtain  at 
once  a  visible  recording  is  baseo.  on  the  treatment  of  the 
phototape  directly  in  the  instrument  with  a  special  developing 
and  fixing  paste.  It  is  not  impossible  that  this  method,  when 
perfected,  will  be  sufficiently  effective  and  economical  for 
utilization  in  oscillography . 

Conclusion 

As  has  been  shown,  over  20  different  types  of  magneto¬ 
electric  oscillographs  have  been  developed  and  are  being 
produced  in  the  Soviet  Union.  As  a  whole,  they  are  hot  in¬ 
ferior  to  modern  models  of  oscillographs  produced  in  foreign 

countries.  .  _  _ 

Along  with  the  existence  of  different  models  of  multi¬ 
channel  portable  oscillographs  in  our  country,  stationary 
laboratory  oscillographs  are,  unfortunately,  not  being  prod¬ 
uced  so  far.  Such  instruments,  having  a  high  accuracy,  and 
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provided  with  galvanometers  of  a  wide  variety  and  control  de¬ 
vices  adapted  for  instantaneous  frame  and  continuous  re- 
cording  with  maximum  operating  conveniences,  are  very  useful 
inaccurate  laboratory  investigations. 

A  very  pressing  problem  is  the  organization  of  the 
production  of  projection  oscillographs  for  educational  pur- 

DOS6S •  ■ 

In  the  registration  oi*  episodic  phenomena,  the  time 
of  occurrence  of  which  calinot  be  foretold,  for  example, 
earthquakes,  accidents,  etc.,  it  is  expedient  to  have  a 
combination  of  an  oscillograph  which  writes  with  a  light  ray 
with  a  registration  instrument  which  has  a  memory:  magnetic, 
luminescent,  etc.  Such  instruments  are  already  available 
and  work  in  this  direction  is  continuing.  .... 

Recently  new  ideas  have  been  advanced  for  the  lm- 
provement  of  magnetoelectric  oscillographs.  Different  auto¬ 
matic  devices  which  control  the  amplitude  of  the  recording, 
the  incandescence  of  the  lamp,  the  speed  of  displacement  of 
the  phototape,  the  feed  of  different  signals,  etc.,  are 
being  installed  in  the  oscillographs.  Radioelectronics  are 
being  used  more  and  more  in  magnetoelectric  oscillographs/7/* 
The  development  of  oscillograph  building  in  the  Soviet 
Union  requires  intelligent  unification  of  the  design  of 
oscillographs.  The  idea  is  being  advanced  for  the  development 
(with  consideration  of  accumulated  experience)  of  a  normal 
series  of  universal  portable  oscillographs.  In  design  they 
should  have  a  single  construction,  should  be  assembled  from 
standard  units,  and  should  differ  only  in  the  number  of 
channels,  width  of  paper,  and  transverse  dimensions. 

Widening  of  the  sphere  of  application  of  oscillographs 
requires  intensification  of  the  work  for  the  development  of 
machines  for  the  automatic  analysis  of  recordings.  Highly 
promising  from  the  point  of  view  of  convenience  of  analysis 
is  the  accomplishment  of  a  multi-channel  recording  on  a 
magnetic  tape  with  a  parallel  or  following  recording  on  a 

phototape  /17/ •  . .  . , 

In  the  light  of  this  presentation,  the  coordination 

of  work  of  oscillograph  construction  and  of  apparatus  for  t be 
analysis  of  oscillographic  recordings  assumes  important  sig¬ 
nificance.  These  functions  are  imposed  on  the  All-Union 
Scientific  Research  Institute  of  the  Construction  of  Elec¬ 
trical  Instruments  (VWIIEP). 
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5.  Electrical  Measuring  Instruments  for  Infra -Low 

Frequency  Circuits 
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The  '‘Vibrator"  plant  of  the  Leningrad  Council  of 
National  Economy  has  developed  a  series  of  panel-type  elec¬ 
trical  measuring  instruments  for  alternating-current  net¬ 
works  of  infra-low  frequency  (0.15-1*5  cycles  per  second). 

The  instruments  are  intended  for  controlling  the  operation 
of  an  installation  for  electromagnetic  mixing  of  steel  in 
steel  smelting  furnaces.  The  use  of  electromagnetic  mixing 
aPcelerates  the  smelting  process  and  improves  considerably 
the  quality  of  the  smelted  steel. 

The  main  sections  of  the  mixing  installation  are  a 
plane  stator  situated  under  the  furnace  bottom  and  two 
alternating -current  generators  of  infra-low  frequency,  which 
generate  a  two-phase  system  of  voltages  with  a  90°-angle  of 
displacement  of  the  phases.  When  the  winding  of  the  stator 
is  fed  with  a  two-phase  current,  a  running  magnetic  field  is 
created  which  drags  with  it  the  metal  in  the  smelting  furnace. 

During  the  operation  of  the  installation  and  adjust¬ 
ment  of  the  process,  it  is  necessary  to  control  the  following 
parameters:  voltage  and  current  of  load  in  each  of  the  phases; 
current  in  the  excitation  winding  and  in  the  auxiliary  de¬ 
vices  of  each  of  the  generators;  active  power  consumed  by 
the  plane  stator  (in  both  phases);  frequency  of  the  network. 

The  basic  technical  characteristics  of  the  instru¬ 
ments  are  listed  in  Table  1. 

The  over -all  dimensions,  weight,  length  of  the  scale, 
and  the  damping  time  of  the  instruments  are  listed  in  Table  2. 

The  instruments  are  housed  in  spray-protected  bodies 
intended  for  embedded  mounting  on  panels.  The  Tsl30  and 
DZIO/l  instruments  have  a  square  body  which  consists  of  a 
cast  stile  strip,  steel  casing,  and  plastic  base.  The  V136 
frequency  meters  have  a  profile  body  consisting  of  cast 
stile  strip  and  base  and  steel  casing. 

The  ammeters  and  voltmeters  have  a  single- standard 
measuring  mechanism  of  the  electromagnetic  system  and  a 
valve  rectifier  on  germanium  diodes .  In  the  development  of 
the  instruments,  the  main  attention  was  directed  to  assure 
the  necessary  damping  of  the  vibration  of  the  movable  portion 
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Pig.  1.  Main  circuits  of  internal  connection  of 
the  instruments: 

a --ammeter;  h- -voltmeter;  c- -frequency  meter; 
d--wattmeter;  l--rectif ier;  2--capacitors ;  3-- 
frames;  4--resistances;  ^--polarized  relay; 
^--excitation  winding;  7— feed  source  (stabi¬ 
lized)  . 


under  the  influence  of  the  variable  rotating  moment  of 
infra -low  frequency.  As  distinct  from  ordinary  instruments 
of  the  rectifier  (detector)  system,  the  measuring  circuit 
of  the  ammeter  and  voltmeter  contains  a  filter  of  the  low 
frequencies  of  the  type  RC  with  a  time  constant  of  the  order 

of  10-15  seconds  (Fig.  1). 

In  the  voltmeter,  the  voltage  being  measured  is 
rectified  by  a  push-pull  rectifier  assembled  in  accord  with 
a  bridge  circuit.  A  capacitor  is  connected  at  the  output 
of  the  rectifier.  The  winding  of  the  small  frame,  con- 
nGctod  in  with.  s  large  additional  resistanca >  is  con- 

nected  to  the  terminals  of  the  capacitor  and  conducts  the 
current  which  is  proportional  to  the  voltage  on  the  capa¬ 
citor. 

In  the  ammeter  which  measures  the  current  passing 
through  the  shunt,  a  voltage  is  produced  thereon  which  is 
rectified  by  a  push-pull  rectifier  in  accordance  with  the 
circuit  of  doubling  the  voltage  with  two  capacitors.  The 
winding  of  the  small  frame  and  the  additional  resistance 
which  is  connected  in  series  with  it  is  connected  to  the 
diagonal  of  the  rectifier  bridge  and  conducts  the  current 
L’  which  is  proportional  to  .the  voltage  on  the  two  capaciters 
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conduct  linear  currents  of  the  network.  For  temperature  com¬ 
pensation,  a  semiconductor  resistance  (thermistor)  is  con¬ 
nected  in  series  in  the  circuit  of  each  of  the  small  frames. 

The  frequency  meter3  of  the  vibration- emulsion  system 
have  a  sensitive  magnetoelectric  measuring  mechanism,  the 
frame  winding  of  which  conducts  the  current  of  the  charge  of 
the  two  capacitors  which  are  in  turn  charged  from  the  constant- 
voltage  source  end  are  discharged  on  ballast  resistance.  The 
processes  of  charging  and  discharging  the  capacitors  are 
controlled  by  a  polarized  relay,  the  winding  of  which  is  fed 
by  the  voltage  of  the  network  being  measured. 

Under  condition  of  invariability  of  the  constant  volt¬ 
age  of  the  source,  the  average  magnitude  of  the  current  in 
the  small  frame  is  proportional  to  the  measured  frequency. 

As  such  a  source,  use  is  made  of  the  voltage  on  the  gas  dis¬ 
charge  stabilizer  which  is  fed  from  the  voltage  of  the  measured 
network  of  low  frequency  through  the  rectifier.  For  damping 
the  vibrations  of  the  movable  portion...  the  winding  of  the 
small  frame  is  shunted  by  an  electrolytic  capacitor  of  great 

capacitance.  ^  ,  , 

The  readings  of  the  frequency  meter  do  not  depend  on 

the  form  of  the  voltage  curve. 

The  enumerated  instruments,  besides  their  intended 
main  application  --  control  of  the  operation  of  the  instal¬ 
lation  of  electromagnetic  mixing  of  metal  --  can  find  ap¬ 
plication  also  in  other  branches  of  industry  which  utilize 
currents  of  infra-low  frequency. 
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6.  Single-Phase  Type  VMO-35  Oil  Circuit  Breaker 


/Following  is  a  translation  of  an  articly  be  I. 
G.  Korovyakovskiy  In  Byulleten  Tekhniko-Ekonomi- 
cheskoy  Ihformatsii  (Bulletin  of  Technical-Eco¬ 
nomic  Information),  No,  11,  November  1959 >  pages 
44-45;  CSQ;  2900-H/ll  (30)_J 


The  Seven-Year  Plan  for  the  Development  of  the  National 
Economy  provides  high  rates  of  growth  in  the  extension  of 
electrified  railroads,  using  single-phase  alternating  current 
of  industrial  frequency ,  The  '‘Uralslelctroapparat"  plant  has, 
for  the  first  time  in  the  USSR,  developed  the  design  of  a 
single-phase  oil  circuit  breaker  for  a  voltage  of  27-5  kilo¬ 
volts  which  is  intended  for  railroads „ 

In  the  development  of  the  design  of  this  breaker,  it 
was  decided  to  utilize  the  maximum  number  of  parts  and  units 
of  the  breaker  presently  being  produced  by  the  plant.  This 
facilitated  the  fulfillment  of  technological  equipment  and 
assured  rapid  adoption  of  production  and  interchangeability 

of  parts.  . 

The  VM0-35  oil  circuit  breaker  (see  illustration; 
represents  a  single-pole  apparatus  for  an  outside  instal¬ 
lation,  mounted  on  a  common  frame  with  an  electromagnetic 
drive.  The  breaker  provides  two  arc -suppress ion  devices 
situated  within  a  metal  tank  and  secured  at  the  ends  of 
paste-filled  inlets.  The  arc-suppression  devices  (chambers), 
installed  in  the  breaker,  make  it  possible  to  make  without 
examination  up  to  five  cut-offs  of  short  circuits  with  a 
maximum  power  of  the  cut-off  and  up  to  one  hundred  cut-offs 
with  nominal  current. 

An  increase  in  reliable  and  stable  operation  of  the 
breaker  was  essentially  obtained  as  a  result  of  the  applica¬ 
tion  of  a  special  refractory  ceramic  material  burned  on  the 
ends  of  the  current-conducting  parts.  Since  the  breaker  is 
intended  for  installation  at  an  open  substation,  then,  in 
order  to  assure  its  normal  operation  under  winter  conditions, 
provision  is  made  for  electric  heating  in  the  lower  section 
of  drive  tank.  Heating  is  started  when  the  air  temperature 
reaches  —  25°.  In  order  to  make  the  breaker  stable  during 
transportation  and  operation,  the  frame  of  the  breaker  was 
made  of  minimum  height .  The  tank  is  lifted  and  lowered  by  a 
special  winch  secured  on  the  frame  of  the  breaker. 

An  electromagnetic  direct-current  drive  is  provided 
for  controlling  the  breaker.  Drive  feed  can  be  accomplished 
from  a  network  of  direct  as  well  as  alternating  current. 
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.  General  view  of  VMO-35 

--breaker  tank;  2- -breaker  frame  (carcass); 
-•^arc- suppress  ion  devices;  4 — current 
transformers;  e~~breaker  cover;  6-~capacitor 
.inlet;  7— movable  contacts;  ,  3~-electromag- 
netic  drive . 
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When  the  drive  is  fed  from  an  alternating-current  network, 
the  drive  is  connected  directly  to  the  network,  but  when  fed 
from  a  network  of  alternating  current,  the  drive  is  con¬ 
nected  to  the  network  through  Semiconductor  rectifiers  (in 
accordance  with  special  circuits). 

In  March  1959,  the  experimental  breaker  passed  suc¬ 
cessful  tests  at  the  Leningrad  Branch  of  the  All-Union 
Electrotechnical  Institute. 

^  •  After  testing  the  breaker,  its  following  parameters 
were  established: 

Nominal  voltage.  ...... ............ .27. 5  kilovolts 

*; '  Maximum  working  voltage. . . . . *29  kilovolts 

Nominal  current » .  . .  o .  * . •  .1000  amperes 

Nominal  cut-off  current .......... 14.5  kiloamperes 

Nominal  cut-off  power . ... ® ...... .400  megawatts 

Weight  of  breaker • o. . .. .1200  kilograms 

Weight  of  oil  . « . . .  « 0 ....  * 1^0  kilograms 

At  the  present  time,  the  plant  is  producing  a  com¬ 
mercial  lot  of  breakers  which  will  be  shipped  for  operation 
on  railway  transport. 
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.  Conference  on  the  Utilization  of  Power 
'  'Semiconductor  Rectifiers  in  industrial 
~  Enterprises  and  in  Transport 


/Following  is  a  translation  of  an  article  by  V. 

A.  Naydis  in  Elekrichestro  (Electricity).  No.  2. 
•February  i960  pages  89-90;  CSO:  2900-N/ll  (31)^7 


A  scientific-technical  conference  on  the  utilization 
of  semiconductor  rectifiers  in  industrial  enterprises  and  in 
transport  was  held  in  Moscow  m  November  1959;  the  conference 
was  organized  by  the  Moscow  House  of  fcientif ic-Techhical 
Propaganda  iaeni  F.  E.  Dzerzhinsky,  by  the  directors  of  the 
Exhibition  of  the  Accomplishments,  of  the  National  Economy  of 
the  USSR,  and  by  the  Scientific -technical  Society  of  Power 
Engineers.  The  conference  was  attended  by  330  represents- 
tives  of  scientific  organizations,  design  bureaus,  and  Plants. 

■  The  conference  was  opened  by  the  representative,  of  the 
State  Committee  on  Automation  and  Machinebuilding.,.  I.  I. 
Dobromyslov,  who  dwelt  on  the  significance  of  semiconductor 
rectifiers  for  the  national  economy  of  our  country. 

Corresponding  member  of  the  Acad.  Sci.  USSR,  B.  M. 

Vul,  cast  light  in  his  report  on  the  problems  of  the  design 
of  a  germanium  rectifier  element.  Analytical  relationships 
have  been  obtained  between  the  characteristics  of  the  diodes 
and  the  properties  of  the  semiconductor  material  (specific 
resistance  and  length  of  diffusion)  and  the  dimensions  of 

the  diodes.  .  ..  ... 

The  report  by  engineer  V.  P.  Kamenskaya  dealt  with 

the  procedure  of  testing  and  determining  the  maximum  para¬ 
meters  of  powerful  semiconductor  devices. 

The  report  by  candidate  of  technical  sciences  A.  A. 
Sakovich  examines  the  rational  fields  of  application  of 
converters  of  different  types:  motor-generator,  mercury, 
mechanical,  selenium,  silicon,  and  germanium  rectifiers. 

Not  one  of  the  converters  can  occupy  a  dominant  position 
and  expel  the  remaining  in  all  fields  of  engineering.  It 
is  most  expedient  to  employ  static  converters:  sealed  mercury 
rectifiers  and  semiconductor  rectifiers,  which  are  components 

of  converter  sets.  .  _ . 

Candidate  of  technical  sciences  A.  A.  Tayts  delivered 
a  substantial  report  on  the  development  of  power  semiconductor 
rectifiers  and  sets  in  foreign  countries. 

Various  reports  were  made  by  representatives  of  organi- 
zations  engaged  in  the  development  and  production  of  semi¬ 
conductor  rectifiers. 
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The  report  hy  candidate  of  technical  sciences  S.  B. 
Yuditskiy  covers  the  work  of  the  All-Union  Electrotechnical 
Institute  imeni  V.  I.  Lenin  on  the  development  of  germanium 
and  silicon  rectifiers  and  rectifier  sets  for  industry. 

The  series  of  germanium  rectifiers  developed  by  the  All- 
Uni  oil  Electrotechnical  Institute  has  been  mastered  by  the 
plant  of  the  Mordov  Council  of  National  Economy.  Under  de¬ 
velopment  are  several  powerful  rectifier  devices  for  in¬ 
dustry.  The  task  has  been  set  for  i960  to  develop  power, 
controlled  silicon  rectifiers  for  a  current  of  10  amperes 
and  a  voltage  of  300  volts . 

Engineer  I.  A.  Tepman  reported  on  the  mastery  of 
germanium  and  silicon  rectifier  devices  at  the  plant  of  the 
Mordov  Council  of  National  Economy.  The  plant  has  mastered 
the  production  of  germanium  rectifiers  of  the  type  VG10, 

VG50,  GW200  for  currents  of  10,  50,  and  SCO  amperes,  back 
voltage  up  to  110-150  volts.  The  germanium  rectifiers  of 
the  series  D302-305  for  a  current  of "1-10  'amperes,  hack 
voltage  up  to  200  volts  have  been  produced.  Since  I960  the 
cost  of  rectifiers  has  dropped  two  to  three  times.  An  ex-*- 
perimental  germanium  rectifier  of  the  type  VG500  has  been 
produced  for  a  current  up  to  5^0  amperes ,  voltage  up  to  150 
volts;  sets  for  electrolytic  baths  have  been  developed  and 
for  feeding  the  power  load,  and  charging' acid  batteries. 

The  report  by  engineer  A.  I,  Gribov  dealt  with  the 
production  of  silicon  rectifiers  at  the  plant  of  the  Moscow 
regional  council  of  national  economy.  The  plant  has,  on 
the  basis  of  its  own  advanced  technology,,  developed  silicon 
rectifiers  of  the  series  PVK  for  a  current  up  to  100  amperes, 
back  voltage  up  to  400  volts.  An  experimental  lot  of  sili¬ 
con  rectifiers  has  been  produced  and  it  has  been  tested  in 
various  rectifier  installations .  The  first  experimental 
silicon  rectifiers  have  been  produced  for  a  current  up  to 
600  amperes,  voltage  up  to  300  volts  with  water  cooling. 

The  report  by  engineer  N .  ?;•  Bulavin  examined  the 
technical -economic  characteristics  and  rational  fields  of  : 
application  of  selenium  rectifiers.  The  technological  pro¬ 
cesses  have  been  developed  for  the  production  of  selenium 
cells  which  assure  an  increase  in  current  density  of  two  to 
three  times  (up  to  75  milliamperes/centimeter) ,  back  voltage 
tip  to  45-60  volts,  allowable  working  temperature  up  to  130UC, 
service  life  up  to  30-40  thousand  hours .  Other  semiconductor 
rectifiers  cannot  compete  with  selenium  rectifiers  in  the 
field  of  high  voltages  and  small  currents,  strong  currents 
and  low  voltages  for  repeated  brief  conditions  and  consider¬ 
able  overloads .  •  ■  ,  , 

Various  reports  dealt  with  the  utilization  of  recti¬ 
fiers  in  industry  and  in  transport  and  also  the  requirements 
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Imposed,  upon  rectifier  installations . 

Engineer  S.  M.  Rub inovich  pointed  out  the  rational 
fields  of  use  of  semiconductor  rectifiers  in  nonferrous  ; 
metallurgy,  and  he  determined  the  basic  requirements  im¬ 
posed  upon  rectifier  installations.  Undoubtedly,  the  wide 
adoption  of  semiconductors  for  the  solution  of  energy  capa¬ 
citance  problems  of  electrolysis  gives  a  considerable  saving 
for  the  national  economy  of  the  country. 

•The  report  by  engineer  A.  A.  Karvovskiy  examines  the 
use  of  semiconductor  rectifiers  in  galvanic  chops,  and  re¬ 
quirements  were  formulated  for  rectifier  sets  for  these 
shops . 

•n  The  development  of  electric  locomotives  with  semi¬ 

conductor  rectifiers  was  dealt  with  in  the  report  by 
engineer  N.  Kh.  Sitnik.  A  six-axlo  electric  locomotove  is 
under  design  with  silicon  rectifiers  of  the  type  N62  and  a 
power  of  4,000  kilowatts.  The  installation  of  silicon  rec¬ 
tifiers  instead  of  mercury  rectifiers  will,  besides  opera¬ 
tional  advantages ,  assure  a  decrease  of  20  percent  of  the 
standard  power  of  the  transformer,  make  its  use  possible  for 
each  motor  and  individual  rectifier  installation,  and 
simplify  the  control  system.  The  basic  problem  is  the  de¬ 
velopment  of  a  reliable  protection  of  the  rectifiers. 

The  report  by  engineer  P.  V.  Krotov  examines  the 
project  of  a  narrow-gauge  electric  locomotive  with  silicon 
rectifiers  with  a  power  of  150  kilowatts  and  with  a  coupled 
weight  of  16  tons.  The  electric  locomotive  is  designed  on 
the  basis  of  silicon  rectifiers  of  the  series  PVK  for  a 
current  of  100  amperes,  voltage  of  300  volts.  Protection 
Is  accomplished  by  increasing  eg  of  the  traction  transformer 
and  rapid-acting  PNB-2  fuses.  Control  of  the  speed  of  ro¬ 
tation  is  accomplished  by  connecting  the  traction  motors  to 
the  rectifier  bridges  of  different  voltages. 

The  report  by  doctor  of  technical  sciences  A.  I. 
MoskVitin  dealt  with  the  use  of  semiconductor  rectifiers 
'for  the  excitation  of  synchronous  generators  and  motors. 

The  most  progressive  is  the  attempt  not  only  to  replace  the 
rotating  excitation  unit  by  a  static  semiconductor  rectifier, 
but  also  to  place  it  on  the  roll  of  the  generator  in  order 
to  eliminate  sliding  contact.  Moreover,  it  is  possible  to 
make  'excitation  windings  of  the  machine  on  currents  of 
several  thousand  amperes  with  one-two  conductors  in  a  groove 
and  ■with  liquid  cooling.  The  use  of  wedgeless  construction 
assures  an  increase  in  the  efficiency  of  the  machine  and  its 
overload  capability  with  respect  to  heating.  Circuits  and 
“designs  have  been  developed  of  exciters  with  semiconductor 
rectifiers  which  are  installed  on  the  rotors  of  the  machines. 
Development  is  underlay  of  direct-current  machines  with  the 
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replacement  of  the  commutators  by  semiconductor  rectifiers. 

Candidate  of  technical  sciences  L.  M.  Tverdin  reported 
on  the  use  of  semiconductor  triodea  in  automated  electric 
drives  with  mercury  rectifiers  which  feed  direct -current 
motors  and  in  circuits  of  frequency  control  of  asynchronous 
motors*  The  developed  single-channel  system  of  network 
control  by  multi-phase  ionic  converters  on  semiconductor 
triodes  assures  low  power  of  control  (up  to  0.1  watts), 
constancy  of  steepness  of  the  front  of  the  trigger  pulse, 
rapid  action,  small  sizes  and  weight.  Circuits  of  frequency 
converters  on  triodes  of  the  type  P4  with  feed  of  motors  of 
power., Up  to  70  watt3  have  been  developed  and  investigated* 

A  task  has  been  set  to  'increase  the  power  of  semiconductor 
triodes,  which  will  make  it  possible  to  solve  the  long- 
ripened  problem  of  alternating-current  electric  drive  with 
frequency  control. 

The  report  by  V.  A.  Naydis .examines  the  utilization, 
of  power  semiconductor  rectifiers  i...  the  electric  drive  of 
tools  and  machines.  A  developed  direct-current  drive  with  a 
wide  range  of  control  of  the  motor  with  weakening  of  the 
current  to, 1:4  with  feeding  from  a  silicon  rectifier  with 
diodes  of  the  series  PVK  on  50,  100  amperes  and  300  volts 
should  he  used  expeditiously  in  mechanisms  of  main  motion 
of  metal  cutting  tools. 

Some  reports  dealt  with  the  experience  of  development, 
production,  and  industrial  operation  of  installations  with 
selenium  rectifiers . 

The  report  by  I.  A.  Salynskiy  touched  upon  the  problems 
of  the  development  and  investigation  of  devices  with  seleniun 
rectifiers  for  welding  installations.  Calculations  are 
cited  of  the  parameters  of  the  rectifiers  and  their  charac¬ 
teristics.  Descriptions  are  given  of  the  types  VSS-120-3 
and  VSS-300-2  welding  installations  for  manual  arc  welding, 
cutting,  and  fusing  on  metal. 

The  report  by  engineer  M.  M.  Smirnov  presented  the 
experience  of  the  production  and  operation  of  rectifiers 
for  installations  of  metal  coatings  and  electric  arc  welding. 
It  is  necessary  to  consider  as  positive  the  experience  of 
operation  in  the  course  of  over  three  years  of  a  selenium 
rectifier  with  oil  cooling. 

The  theme  of  the  report  by  engineer  B.  V,  Strogov 
was  the  experience  in  the  production  and  operation  of  power 
selenium  rectifiers  for  installations  of  galvanic  and  anodic 
coatings.  The  lecturer  considers  most  expedient  the  use  of 
natural  air  cooling  of  selenium  columns.  Several  types  of 
selenium  rectifiers  have  been  produced  for  galvanic  and 
anodic  baths,  units  for  starting  motors,  a  rectifier  for 
electric  arc  welding. 
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The  conference  adopted  an  extensive  solution  on  prob¬ 
lems  of  the  development  and  production  of  semiconductor 
elements  and  sets  with  their  utilization.  The  conference, 
recognized  that  at  the  present  time  in  the  field  of  prod¬ 
uction  of  power  germanium  and  silicon  rectifiers,  as  well  as 
in  the  improvement  of  selenium  rectifiers,  certain  progress 
has  been  attained.  However,  the  production  of  power  semi¬ 
conductor  rectifiers  does  not  assure  the  requirements  of 
the  national  economy  with  respect  to  volume  or  nomenclature. 

This  is  particularly  pertinent  to  sets  with  semi¬ 
conductor  rectifiers.  It  is  necessary  to  develop  powerful 
semiconductor  rectifiers  for  electrolytic  installations, 
anodizing,  production  of  copper,  zinc,  and  other  metals, 
electric  drive  of  tools  and  machines,  feeding  of  arc  furnaces, 
excitation  of  synchronous  machines,  electric  traction,  etc. 

Silicon  rectifiers  are  need  for  a  current  of  up  to 
lbOO  amperes  and  bad1:  voltage  of  up  to  1000  volts,  controlled 
semiconductor  rectifiers  for  large  currents  and  high  back 
voltages,  dry  transformers  with  small  losses,  reliable  and 
rapid-acting  protection  of  rectifiers. 

The  conference  recommended  to  accelerate  the  develop¬ 
ment  ot  State  All-Union  Standards  on  semiconductor  rectifiers 
with  a  single  procedure  of  testing  and  to  develop  a  scale  of 
basic  parameters  of  rectifier  devices. 


8.  Serle3  A 2  and  A02  Three-Phase  Induction 
'  '  Electric"  Motors 


^Following  is  a  translation  of  an  article  by  N. 
L.  Marchenko  in  Byulleten  Tekhniko-Ekonomiches- 
koy  Infcrnatsii  (Bulletin  of  Technical-Economic 
information),  lio  .  11,  November  1959,  pages  40- 
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The  existing  single  series  A  and  AO  asynchronous 
electric  itotors  with  a  po we;:*  of  0.6  to  100  kilowatts  does 
not  satisfy  modern  requirements  of  national  economy . 

A  substantial  shortcoming  of  this  series  is  the  small 
number  of  power  steps  *  The  entire  aeries  has  only  14  power 
steps  instead  of  18-20  steps  in  the  same  ravage. 

Moreover,  the  single  series  A  and  AO  electric  motors 
is,  on  the  average,  15  percent  heavier  than  the  electric 
motors  of  corresponding  power  of  existing  series  by  foreign 
firms . 

In  connection  with  this,  a  new  series  of  electric 
motors  has  been  developed  at  one  of  the  plants .  The  new 
series  of  electric  motors  has  the  same  letter  designations 
as  the  old  one  but  with  the  addition  of  the  number  2.  For 
example,  the  new  series  of  asynchronous  electric  motors  of 
general  industrial  application  is  designated  A2  when 
shielded  and  A02  when  closed  and  air-blown.  This  same 
change  is  introduced  also  in  the  designation  of  electric 
motors  of  different  modifications.  For  example,  electric 
motors  with  an  increased  moment  have  the  designations  of 
types  AP2  and  A0P2. 

Electric  motors  of  the  new  series  have  a  power  up  to 
10  kilowatts  only  when  shielded.  The  inlet  device  of  the 
electric  motors  should  be  closed.  Electric  motors  with  a 
phase  rotor  are  also  made  closed.  New  specialized  modifi¬ 
cations  have  been  introduced,  including  low-noise  motors 
with  a  built-in  electromagnetic  brake,  chemically  stable, 
telpher,  mine,  and  other  motors.  The  number  of  power  steps 
has  been  increased  for  electric  motors  of  small  and  medium 
power  of  the  new  series. 

Series  A2  and  A02  electric  motors  also  are  being 
produced  with  increased  slip  for  the  textile  industry,  multi¬ 
speed,  with  an  increased  moment.  This  series  also  contains 
a  group  of  specialized  electric  motors  that  are  tropic, 
frost,  chemical,  and  moisture  resistant.  The  new  series  has 
various  models  in  regard  to  the  method  of  mounting  (V4.  V5, 
V6,  Shch4,  V6/V4  for  electric  motors  of  6-9  dimensions). 
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Table  1 


1 


Index  number  of 
over-all  dimension 

!  ;  ■  • 

*  j  4  ' 

5  |  6  j  7 

8 

! 

9 

Outside  diameter 
of  stator  package, 

-  nrn 

mm 

2C8 

j  393 

458 

Synchronous  speed 
of  rotation,  rpm 

3  m 

1500  1 
1000 

3000 

1500 

*IOfX) 

• 

L_J 

3000 

1500 

[1000 

3000 

laOO 

;  1000 

750 

3000 

I5i;0 

1003 

750 

1 

i  ,  J 

3000 

1500 

1000 

7  S3 

1 

1  .  J 

I 

1 

I  3000 
1500 
1000 
750 

3000 

1500 

1000 

750 

600 

1 

- j 

3000 

1500 

1000 

750 

600 

'  The  outside  diameters  of  the  stator  packages  for  A2 

and  AO  2  .electric  motors  having  a  power  from  0.6  to  100  kilo¬ 
watts  ,( with  1,500  rpm)  have  nine  different  diameters,  in 
accordance  with  the  nine  over-all  dimensions  of  the  series 

(^a^l  ‘labile  1  also  shows  the  speeds  of  rotation  of  the  A? 
and  A02  electric  motors  of  different  over-all  dimensions  of 

general  industrial  application.  ^  ^ 

.  . ...  in  regard  to  the  method  of  mounting  the  new  series 
of  electric  motors  of  general  industrial  application  and  also 
of  electrical  modifications  and  specialized  application  -- 
there  are  the.  models  Shch2,  ShchS/J^for  shielded  and  closed 
sir-blown  electric  motors  end  the  models  Vj,  V4,  Vj)>  vo3 
Shch4, °Shch5 ,  V.5A3  only  for  closed  air-blown  eiec trie  motors. 

The  distribution  of  the  power  of  the  electric  motors 
of  the  single  series  A2  and  A02  with  respect  to  standard 
dimensions  as  a  function  of  the  method  of  protection  end  the 
speed  of  rotation  is  shown  in  Teble  2.  The^pover  scale  of 
the  electric  motors  of  the  aeries  A2  end  A02  corresponds  to 
the  recommendations  accepted  et  the  corresponding  international 

C°nfereTheSnomlnal  voltage  of  the  electric  motors  is  220/330 

;  The  installation  dimensions  of  theA2  and  A02  electric 

motors  having  a  speed  of  rotation  of  1,500  rpm  are  listed  in 
Tebl  =■  '3 In  this  table,  the  dimensions  within  the  brackets 
are  those  which  can' be  accepted  after  final  testing  of  experi¬ 
mental  specimens  ( see’  illustration) .  _  . 

"  Series  A2  and  AO 2  electric  motors  ere  made  with  casy 
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Installation  dimensions  of  A2  and  A02  electric  motors 


Table  3 


Overall 

dimension 

► 

1 

l  2 

3 

[ 

■■ 

5 

Power, 

kwte 

WP*’IU  11 1  '  -  1 ' 

0,6 

1  Ofi 

u 

“ 

1  K 

3 

a 

7.5  | 

10 

Standard 

dimension 

a 

21 

22 

31  ; 

32 

41 

I  42 

51 

52 

| 

A 

HO 

143 

160 

1 

160 

193 

190  | 

|  216 

216  | 

!  254 

1 

|  254 

1  ' 

B 

100 

125 

112 

140  |  114  1 

140 

l 

140  j 

178 

178 

|  210 

B 

* 

S 

C 

56 

56 

63 

63 

70 

73 

|  89 

69 

106 

106 

0 

m 

a 

U  ' 

1  18 

18  1 

!  ™  1 

22  | 

22 

i 

26  ! 

28 

32 

32 

38 

1  38 

i 

1 

'  1 

*HI 

a 

E 

40 

40 

1  50 

1  " 

I  60  ! 

|  60 

bO 

80 

i 

|  80 

80 

H 

00 

|  90 

I  100 

100 

112 

112 

132 

132 

ICO 

180 

i 


L 
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Treble  3  continued  from  page  487 


.  Overall 
dimension 


Power,  kwte 

13 

17. 

22 

* 

1 

1  30  1 

m 

55  1 

i  1 

■ 

100 

Standard 

dimension 

61 

62 

1  ' 

n  .  | 

, 

72 

j 

i « 

82 

91 

|  92 

.  i 

! 

A 

279 

I 

'  279 

356 

(318) 

S  356. 

|  {318)  ! 

i 

406  | 

1 

.  4% 

[ 

457 

;  457 

6 

1  ■  B 

1 

203 

i 

241 

i  288 
!  (228) 

311  ! 

(<<>?)  S 

311 

349 

' 

1 

36® 

419 

<a 

m 

0  1 
0 

m 

p 

I 

v4 

P 

;  '  c/. 

121  | 

121 

!  140  ! 

1  <1 434 

140 

(133)  1 

168 

|  163  j 

190 

j  190 

D 

| 

42  ! 

i  | 

42  j 

|  48  ! 

48 

|  60 

|  60 

!  70 

1 

|  "0 

E 

no  | 

110 

|  MO 

S 

no 

140 

140 

140  J 

140 

H 

|  I 

'  180 

I  i 

180 

225 

(200) 

225 

(200) 

25J 

250 

:  280 

1 

!  **> 

L 
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iron  bearing  shields.  Electric  motors  of  1-4  over-all  di¬ 
mensions  are  also  being  produced  with  bearing  shields, 
using  aluminum  alloy  of  strengthened  deisgn  as  a  base. 

The  windings  of  the  shielded  electric  motors  (di¬ 
mensions  6-9)  and  closed  air-blown  electric  motors  (dimen¬ 
sions  1-5 )  have  insulation  of  class  E,  which  allows  an  ex¬ 
cess  temperature  of  75°  • 

The  windings  of  closed  air-blown  electric  motors  of 
dimensions  6-9  have  insulation  of  class  F,  which  allows  an 
excess  temperature  of  100°. 

The  multiplicity  of  the  starting  current  for  series 
A2  and  A02  electric  motors  is  equal  to  seven— the  greatest 
value  permitted  by  GOST  l86-;>2. 

The  speed  in  temperature  increarje  of  the  stator 
winding  of  the  electric  motors  of  the  new  series  is  equal  to 
70  per  second  at  starting.  This  speed  of  increase  in  the 
temperature  assures  electric  rotors  with  no  damage  to  the 
insulation  under  a  short-circuiting  current  when  cold  elec¬ 
tric  motors  are  connected  with  a  braked  rotor  in  the  course 
of  15-20  seconds. 

The  labor  requirement  for  producing  electric  motors 
of  the  new  series  is  less  than  that  of  series  AO  and  A02 
electric  motors. 

Only  as  a  result  of  a  decrease  in  the  consumption  of 
materials  and  an  increase  in  the  power  indexes,  the  annual 
saving  from  the  adoption  of  series  A2  and  A02  electric 
motors  amounts  to  about  330  million  rubles  per  year. 
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9.  Electrochemical  Sources  of  Current 


following  Is  a  translation  of  an  article  by 
P.  D.  Lukov tsev  in  Priroda  (Nature),  No.  12, 

December  1959,  pages  22-28;  CSOs  2900-N/ll 

;  (33L7  , 

/  Electrochemical-  sources  of  current,  i.e.,  devices  by 
means  of  which  the  energy  of  chemical  processes  is  converted 
directly  into  electrical  energy  are  in  many  cases  not  inter¬ 
changeable.  These  devices  are  simple  in  operation;  they  can 
be  made  of  any  weight,  any  dimensions  and  geometric  shape. 
Electrochemical  sources  of  current  are  comparatively  slightly 
sensitive  to  outside  effects- -temperature,  impacts  and  vi¬ 
bration,  moisture,  etc.  All  these  properties  have  determined 
the  wider  field  of  application  of  storage  batteries,  cells, 
and  batteries  in  comparison  with  other  sources  of  electric 
feed.  Devices  for  starting  engines  of  automobiles  and  air¬ 
planes;  submarines;  electric  trains  and  electric  cars;  arti¬ 
ficial  satellites  of  the  earth  and  sounding  balloons;  means 
of  communication,  signallization,  and  automatism  in  railroad 
and  water  transport;  portable  radio  receivers  and  magnetic 
sound  recorders;  pocket  flashlights  and  audio  apparatus; 
portable  welding  apparatus  and  electric  clocks — this  is  a 
rather  incomplete  list  of  objects  regarding  which  electro¬ 
chemical  sources  of  current  have  found  application. 

;  Depending  on  the  intended  use,  the  requirements  im¬ 

posed  upon  electrochemical  sources  of  current  are  quite 
'diverse,  but  essentially  they  amount  to  a  maximum  possible 
increase  in  the  energy  and  power  por  unit  weight  or  volume, 
I.e.,  to  a  reduction  of  the  dimensions  and  weight,  expansion 
of  the  working  interval  of  the  temperatures  of  the  source, 
maintenance  of  constant  voltage  during  the  discharge  and, 
finally,  an  increase  In  the  service  life  and  in  shelf  life. 
Practically  most  important  is  the  requirement  for  a  reduc¬ 
tion  in  weight  and  dimensions  of  the  source  of  current,  inas¬ 
much  as  they  are  used  predominantly  in  movable  objects. 

An  expansion  in  the  field  of  application  and  an  in¬ 
crease  in  the  requirements  imposed  on  the  electrochemical 
sources  of  current  stimulated  the  wide  development  of  scienti¬ 
fic  investigations  in  this  field.  The  results  obtained  have 
made  it  possible  not  only  to  improve  the  technical  indexes  of 
the  existing  but  also  to  develop  fundamentally  new  types  of 
cells,  batteries,  and  storage  batteries.  This  progress  was 
attained  by  the  development  of  new  designs  of  electrochemical 
sources  of  current,  the  utilization  of  new  materials  and  new 


electrochemical  systems,  and  also  by  the  use  of  improved 

technology.  .  .  _ 

A  characteristic  example  of  a  change  in  the  design  or 
an  electrochemical  source  of  current  is  the  development  of 
so-called  pie  dry  magnanese-zinc  batteries.  In  the  dry 
battery  of  earlier  design,  which  was  assembled  of  zinc  cells 
--cups,  for  the  most  dense  packing  of  the  latter,  a  substantial 
portion  of  the  volume  of  the  battery  was  not  utilized.  As¬ 
sembly  of  the  battery  on  the  principle  of  voltage  column  from 
plane  "pie"  cells  made  it  possible  to  utilize  more  fully  the 
"volume  of  the  battery  and  to  increase  by  1.5-2  times  the 
indexes  with  respect  to  specific  energy. 

Of  great  significance  also  was  the  improvement  in  the 
technology  of  the  production  of  cells,  batteries,  and  storage 
batteries.  An  example  in  this  respect  is  the  development  of 
rionlamellar  alkaline  cadmium-nickel  storage  batteries.  In 
alkaline  storage  batteries  (of  ordinary  technology),  the 
positive  and  negative  electrodes  (pistes)  are  made  by  as¬ 
sembling  lamelles ,  l.e.,  packages  of  perforated  metallic 
foil  with  inclosed  powders  of  active  masses  of  mixtures  of 
the  oxides  of  nickel  and  graphite--for  positive,  cadmium  and 
iron — for  negative  plates.  In  this  case,  the  metallic 
casing  Of  the  lamellae  shields  the  active  masses  and  hinders 
their  effective  utilization.  In  nonlame liar  storage  bat¬ 
teries,  the  active  masses  of  the  electrodes  are  introduced 
by  a  special  technological  method  into  the  pores  of  plates 
made  by  powder  metallurgy  from  nickel  powder.  The  porosity 
of  such  electrodes  attains  So  percent.  It  is  possible,  in 
accordance  with  the  nonlamellar  technology,  to  produce  thinner 
plates  than  for  lamellar  storage  batteries  with  active  masses 
which  are  utilized  more  effectively.  This,  makes  it  possible 
-to  design  storage  batteries  with  high  indexes  as  regards 
capacitance,  power,  and  efficiency  low  temperatures  (down 

to  -50°).  .  • 

Nonlamellar  plates  do  not  swell  during  operation, 
which  makes  it  possible  to  assemble  storage  batteries  in 
‘plastic  vessels.  The  use  of  nonlamellar  technology  made  it 
possible  to  develop  starter  alkaline  nickel-iron  batteries 
which  are  not  inferior  to  the  volume  and  weight  characteris¬ 
tics  of  lead-acid  batteries  but  which  have  a  service  life 
several  times  longer.  This  is  particularly  Important  for  re¬ 
ducing  the  operating  cost  of  city  automobile  transport. 

•  Dry  galvanic  cells  and  batteries  have  found  the  great¬ 
est  application  (it  Is  more  correct  to  call  these  cells 
batteries  with  thickened  electrolyte).  During  the  prewar 
■  period,  they  were  produced  essentially  on  the  basis  of  the 
manganese-zinc  electrochemical  system:  manganese  dioxide  (+J 
--salt  electrolyte--zinc(-) . 
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.Pig.  1.  Manganese-zinc (I)  end  mercury 
oxide (2)  cells  of  the  same 
capacitance. 


However ,  the  manganese-zinc  cells  and  batteries  .have 
lee -substantial  shortcomings  which  limit  their  use.  These; 
include  the  -low  specific  power,  dependence  of  capacitance  on 
the  force  of  the  discharge  current-  (load),  and  the.  inconstant 
voltage'  during  the  discharge.  For  this  reason,  during  the 
development  of  dry  cells  and  batteries,  in  addition ^to 
striving  for  a  maximum  reduction  of  the  weight,  and  dimensions, 
greet  efforts  were  directed  to  increase  their  power  and  im¬ 
prove  the  form  -of  the  discharge  curve,  i.e»,  the  curve  of 
the  voltage  as  a  function  of  the  discharge  time  or  capsci-  . 
tance  liberated  by  the  cell  or  battery  during  the  discharge . 
Good; results  were  obtained  from  the  use  of • electrochemical 
systems  of  the  types  mercury  oxide  ( +) --alkaline  electrolyte- - 
einc  (-).  .  Mercury  oxide  cells  developed  after  the  war'  operate 
at  1.25  volts  and  have  comparatively  high  indexes  of  specific 
energy  per  unit  volume  as  well  as  specific  power.  Such  cells 
have/  for  the  same  capacitance,  many  times  less  volume  than 
manganese-zinc  cells  (Fig,  l).  The  height  of  some  mercury 
oxide  cells  is  comparable  with  the  thickness  of  one  match, 
while  the  maximum  diameter  does  not  exceed  its  length  \fig. 


L 


Fig.  2.  .  Mercury  oxide  cells  of  dif¬ 
ferent  capaeitence. 


J 
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The  electromotive  force  of  mercury  oxide  cells  changes 
little  with  time  and  temperature ;  for  this  reason,  they  can, 
in  various  cases,  be  used  as  standard  ce3.Is  •  The  utilization 
of  semiconductor  diodes  and  triodes,  small-size  parts, 
printed  circuits  together  with  mercury  oxide  cells  makes  it 
possible  to  develop  rather  miniature  radio  receivers,  audio 
apparatus,  magnetic  sound  recorders,  and  other  devices.  The 
shortcomings  of  these  cells,  in  addition  to  their  higher 
cost,  are  the  small  efficiency  at  temperatures  below  0°. 

Besides  the  mercury  oxide  cells,  other  dry  cells  with 
an  alkaline  electrolyte  have  been  developed;  for  example,  less 
costly  manganese-zinc  and  air.  The  alkaline  manganese-zinc 
cells  have  an  inconstant  volt age  during  the  discharge.  Dry 
air  zinc-carbon  and  iron-carbon  ceils  do  not  have  this  short¬ 
coming  and  can  be  utilized  in  pocket  flashlights,  audio  ap¬ 
paratus,  and  other  devices.  However,  the  technical  character¬ 
istics  of  the  air  cells  deteriorate  noticeably  with  declining 
temperature,  and  below  0°  the  cells  do  not  operate  in  a  stable 


manner . 

Very  miniature  dry  indium  cells  made 
the  electrochemical  systems  mercury  oxide 
electrolyte— -alloy  of  indium  with  bismuth 


e  l 

S-! 


on  the  basis  of 
— alkaline 
differ  from  the 


mercury  oxide  cells  with  greater  shelf  life.  They  are  in¬ 
tended  for  use  in  electric  wrist  watches.  The  substitution 
of  cine  in  mercury  oxide  cells  by  the  titanium  alloy  made  it 
possible  to  develop  a  cell  which  has  a  working  voltage  of 
one  volt  and  is  very  stable  at  increased  temperatures  (o0u;. 
Their  shortcoming — high  temperature  coefficient  (1-1.5  milli- 

volt/degree) .  ,  . 

It  is  necessary  to  cite  dry  cells  with  potassium  ci- 
chromate  or  vanadium  pentoxide  as  the  cathodes,  which  have 
found  application  in  storage  batteries  designed  for  operation 

at  low  currents.  .  .  .  . 

Recently,  great  interest  has  ooen  displayed  in  bat¬ 
teries  with  solid  electrolytes:  solid  salts  or  oxides  having 
an  ionic  conductivity,  ion  exchange  resins,  and  also  solutions 
of  solid  electrolytes  in  polymers.  Examples  can  be  batteries 
of  silver-iodine  cells  with  the  electrolyte  of  silver  iodide 
and  also  silver-lead  cells  with  an  electrolyte  of  the  chlorides 
of  lead  and  silver.  The  electromotive  force  of  the  first  cell 
is  equal  to  0.8  volts,  that  of  the  second-~0.5  volts.  These 
cells  are  assembled  into  small-size  high-voltage  batteries 
which  are  used  in  instruments  requiring  very  small  currents 
(less  than  one  milliampere/square  centimeter  of  the  electrode 

surface).  ,  .  , 

Manganese-zinc  batteries  and  cells  have  also  been  de¬ 
signed  in  which  the  electrolyte  is  zinc  chloride  dissolved  in 
a  solid  resin  of  polyethyleneglycol.  It  is  assumed  that  the 
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shelf  life  of  the  batteries  with  the  solid  electrolytes  can 
reach  20  years . 

I  Storage  batteries.  As  distinct  from  dry  cells  and 

batteries  which  have  found  wide  application  ih  electronic  and 
other  apparatus  which  require  comparatively  small  currents, 
storage  batteries  are  used  chiefly  in  devices  which  require 
large  currents,  for  example,  as  power  devices  on  subsurface 
Vessels  and  electric  cars,  for  “ignition"  in  automobiles,  for 
lifts,  fire  signals,  etc. 

The  development  of  storage  batteries  proceeded  in  two 
directions.  In, the  main,  the  efforts  were  directed  to  in¬ 
crease  the  specific  energy  and  power  of  the  storage  batteries 
and  also  their  climatic  stability  and  service  life.  Intensive 
work  was  being  carried  on  to  develop  air-tight  or  leak-proof 
storage  batteries  capable,  in  various  cases,  of  replacing  dry 
cells  and  batteries. 

The  most  outstanding  accomplishments  during  the  last 
10  years  include  the  development  of  silver-zinc  storage 
batteries  which  utilize  the  electrochemical  systems  oxide 
(peroxide)  of  silver  (+)--alkaline  electrolyte — zinc  (-). 

Up  to  1950,  it  was  considered  that  such  a  system  is  suitable 
only  for  cells  of  single  action,  which  are  stored  without  the 
electrolyte  directly  before  use.  This  was  governed  by  the 
small  shelf  life  of  such  elements,  which  is  connected  with 
the  high  speed  of  solution  of  the  zinc  in  the  alkaline  solu¬ 
tions  and  the  capacity  of  the  silver  oxides  to  be  reduced  by 
molecular  hydrogen  which  is  liberated  as  a  result  of  the 
solution  of  the  zinc. 

The  use  of  preparations  of  high  purity,  and  also  the 
utilization  of  cellophane  as  an  inter electrode  separation 
impermeable  for  large  colloidal  ions  of  silver  and  assuring 
the  necessary  ionic  conductivity,  made  it  possible  to  in¬ 
crease  substantially  the  shelf  life  of  the  alkaline  silver- 
zinc  cells  and,  on  this  basis,  to  develop  storage  batteries 
having  indexes  of  specific  energy  and  power  three  to  five 
times  as  great  as  of  the  existing  lead-acid  and  alkaline  cad- 
mium-and  Iron-nichel  storage  batteries  (Pig.  3)* 

The  high  indexes  of  the  silver-zinc  storage  batteries 
with  respect  to  the  specific  energy  were  attained  not  only 
through  the  utilization  of  the  electrochemical  process  (l) 

Ag20+H20+Zn  — >  2Ag+Zn(0H)2  +2P  (l) 

which  gives  a  great  energy  effect  per  unit  weight  and  volume 
of  reacting  substances,  but  also  through  the  successful  de¬ 
sign  of  the  storage  batteries,  which  makes  possible  the 
rational  utilization  of  its  volume.  In  this  storage  battery, 
the  electrodes  of  zinc  and  silver  oxide,  separated  by  a  layer 


Pig.  3.  Battery  6-volt  of 
s.  •  ;  -  lead-acid  (l)  end 

silver-sine  (2). 

.1 ;  :  ;  storage  batteries  .... 

of  the  same  capac- 

itance .  ,.  • 

of  cellophane,  are  packed  densely  in  a  plastic  vessel. 

It  is  Interesting  that  in  the  given  electro¬ 
chemical  process  (l),  the  alkali  is  not  consumed.  This 
makes  it  possible'  to  reduce  the  volume  of  the  electro¬ 
lyte  in  the  storage  battery  to  a  minimum  which  is  de¬ 
termined  by  the  need  to  separate  the  electrodes  with 
a  medium  of  an  ionic  conductivity  and  by  the  require¬ 
ment  of  water  for  the  reaction  (1).  This  advantage, 

6S  distinct  from  the  acid  storage  batteries,  is  poss¬ 
essed  by-  all  electrochemical  systems  of  alkaline 
storage- batteries.  Thus,  for  example,  the  operation 
of  a  lead-acid  storage  battery  in  accordance  with  the 
equation  (2)  -  ^  ;  ••  ■' 

■■  '  •  Fb'0_  :  +£H„SO..  +Pb  — ►  2PbS0  +2H  0  +  2F  (2) 

2  d  4  -  4  2 

requires  sulfuric  acid,  the  concentration  of  which 
should  not  change  within  noticeable  limits.  The  last  ,■ 
is  attained  by  a  large  amount  of  electrolyte  in  the 
storage  battery.  - 

Dense  packing  of  .the  electrodes  in  the  vessel 
and  the  small  volume  of  free  electrolyte  make  it 
possible  to  assure  comparatively  simply  the  stability 


of  the  silver-zinc  storage  battery  against  mechanical  action, 
non-leakage  of  the  electrolyte,  and  efficiency  at  high 
altitudes.  This  makes  the  silver-zinc  storage  batteries 
irreplaceable  for  electric  feeding  cf  artificial  satellites 
of  the  earth, portable  television  cameras,  portable  apparatus 
for  point  welding ,  bathyspheres,  and  other  objects  for  which 
a  small  weight  and  small  dimensions  of  the  feed  sources  are 
of  primary  significance. 

However,  silver-zinc  storage  batteries  also  have 
..shortcomings  which  limit  their  use.  The  most  substantial 
of  these  is  the  short  service  life  (in  cycles)  and  the  small 
shelf  life  after  the  start  of  the  action,  which  is  three  to 
four  times  less  than  that  of  lead-acid  batteries  and  10-3.5 
times  less  than  that  of  alkaline  cadminm-and  iron-nickel 
storage  batteries.  The  shelf  life  and  service  life  of 
silver-zinc  storage  batteries  are  essentially  determined 
by  the  chemical  and  mechanical  strength  of  the  separation 
film  of  cellophane;  for  this  reason,  at  present  all  efforts 
are  directed  toward  finding  more  stable  materials. 

The  progress  attained  in  the  development  of  silver- 
zinc  storage  batteries  has,  to  a  certain  extent,  stimulated 
work  "for  the  development  of  new  storage  batteries  (alkaline, 
silver-cadmium,  silver-iron,  silver-lead,  and  nickel-zinc) 
as  well  as  for  the  improvement  of  the  existing  types. 

The  above -enumerated  new  types  of  storage  batteries  are 
essentially  still  in  the  investigation  stage.  As  regards 
their  energy  possibilities,  they  occupy  an  intermediate 
place  between  the  cadmium-nickel  and  silver-zinc  storage 
batteries.  However,  with  respect  to  other  indexes  such  as 
the  service  life  and  shelf  life,  some  of  these,  for  example, 
silver-cadmium,  should  excel  the  silver-zinc  storage 
batteries . 

Noticeable  progress  has  been  attained  in  the  improve¬ 
ment  of  lead-acid,  iron-nickel,  and  particularly  cadmium- 
nickel  storage  batteries.  These  achievements  were,  in  the 
first  place,  related  to  the  use  of  improved  technology,  the 
utilization  of  new  materials,  including  high  polymers  and 
plastics,  activating  and  stabilizing  additives  to  the 
electrodes  and  the  electrolyte,  as  well  as  the  development 
of  new  designs. 

The  utilization  in  cadmium-nickel  storage  batteries 
of  foil  electrodes  made  of  fine  metal  foil  which  a  layer  of 
electrochemically  active  substance  made  it  possible  to 
increase  substantially  the  indexes  of  the  power  and  effi¬ 
ciency  at  low  temperatures.  Moreover,  leak-proof  and 
small-size,  air-tight,  cadmium-nickel  storage  batteries 
were  developed  which  successfully  replace  dry  cells  and 


batteries  in  various  installations. 

The  liberation  of  hydrogen  and  oxygen  on  the  electrodes 
during  the  charging  and  storage  in  the  charged  state  of 
alkaline  cadmium-nickel  storage  batteries  served  as  the  basic 
hindrance  which  it  was  possible  to  overcome  in  the  development 
of  hermetically  sealed  storage  batteries.  This  was  attained 
by  different  methods — the  use  of  valves  which  automatically 
start  to  function  at  increased  pressure  in  the  storage 
battery,  the  use  of  catalysts  which  facilitate  the  processes 
of  ionization  of  hydrogen  and  oxygen  directly  in  the  very 
storage  battery,  etc.  Hermetically  sealed  storage  batteries 
can  be  included  in  the  circuit  of  the  devices  which  require 
the  current.  They  are  particularly  convenient  when  used  in 
combination  with  solar  batteries.  Thus,  in  the  case  of 
portable  radio  receivers  developed  on  this  basis,  the  reserve 
capacitance  of  their  feeding  storage  batteries  is  supple¬ 
mented  from  solar  batteries.. 

The  shortcomings  of •  hermetically  sealed  storage  bat¬ 
teries  include  their  small  efficiency  at  low  temperatures.  .. 
Recently  developed  hermetically  sealed  alkaline  silver-lead 
storage  batteries  have  indexes  of  specific  energy  1.5-2  times 
greater  than  similar  cadmium-nickel  storage  batteries  and 
are  distinguished  by  stability  of  the  discharge  voltage; 
they  are  successfully  replacing  dry  mercury  oxide  cells. 

Reserve  or  activated  cells  and  batteries „  The  at¬ 
tempts  to  utilize  "chemical  sources  of  current  electrochemical  * 
systems  which  give  a  large  energy  effect  has  led  to  the 
development  of  reserve  or  activated  cells  and  batteries 
which  are  activated  during  or  not  long  before  use.  Their 
activation  is  accomplished  by  the  introduction  of  electro¬ 
lyte  or  water;  in  other  types,  this  is  accomplished  by 
feeding  liquid  or  gaseous  active  substances  to  the  electrodes. 

The  principles  forming  the  basis  of  the  design  of  such  cells 
cannot  be  considered  new  because  even  in  the  last  century 
batteries  were  used  with  electrodes  immersed  in  the  electro¬ 
lyte  before  use. 

The  most  widely  used  of  the  reserve  cells  and  batteries 
are  the  water-activated  silver -magnesium  and  copper -magnesium 
one  based  on  the  electrochemical  systems: 

(♦)  AgCll  p— p  MgCl2lMg(  — )' 

(♦)  CuClj  p— p  MgCl2jMg(  — ) 

Such  batteries  in  the  inactive  state  can  be  kept  for 
a  long  time  in  air-tight  packages.  In  the  activated  state 
they  have  a  small  shelf  life  and,  for  this  reason,  should  be 
used  within  one  to  two  days.  Their  activation  is  accomplished 
by  immersion  for  a  short  time  (5-10  minutes)  in  water 
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(potable,  sea,  etc.)-  In  the  first  moment  after  inclusion  of 
the  load,  the  voltage  of  the  cells  of  the  battery,  as  a  re¬ 
sult  of  the  low  conductivity  of  the  electrolyte,  is  less  than 
normal,  but  after  a  certain  time,  with  the  accumulation  in 
the  electrolyte  of  the  product  of  the  electrochemical  reaction 
--MgCl2,  the  internal  resistance  of  the  colls  falls  and  the 
voltage  increases  to  a  value  of  i.3"l*4  volts  depending  on  the 
load  (Pig.  4). 

Magnesium  cells  and  batteries  excel  the  manganese -zinc 
cells  with  respect  to  the  specific  power.  They  heat  up 
noticeably  during  operation.;  for  this  reason,  their  electrical 
characteristics  do  not  practically  change  with  the  changing 
temperature  of  the  surrounding  medium,  particularly  if 
measures  have  been  taken  for  the  thermal  insulation  of  the 
cells.  The  magnesium  cells  and  batteries  are  used  for 
feeding  the  apparatus  of  sounding  balloons,  signal  devices, 
and  other  purposes. 

Higher  indexes  of  specific  power  and  energy  are  ex¬ 
hibited  by  cells  and  batteries  with  a  cathode  of  lead  dioxide 
and  anodes  of  cadmium,  zinc  or  lead  activated  by  solutions 
of  acids:  sulfuric  (for  Cd  and  Zn  anodes),  hydrochloric, 
hydrofluoroboic  or  fluosilicic  acid  (for  Pb  anode) .  Such 
batteries  have  a  smaller  shelf  life  when  activated,  but,  on 
the  other  hand,  they  develop  a  greater  power  (up  to  0.6 
kilowatt/kilogram).  The  best  characteristics,  particularly 
at  low  temperatures  (down  to  -60°),  are  shown  by  batteries 
with  hydrochloric,  fluosilicic  and  hydrofluoroboric  acids, 
which  is  explained  by  the  good  solubility  of  the  products  of 
the  electrode  reactions  in  these  acids. 

An  example  of  cells  which  are  activated  by  feeding 
oxidizers  or  reducing  agents  to  the  cathode  or  anode  are 
the  chlorine  and  sodium  cells.  In  the  chlorine  cell,  the 
activation  takes  place  by  feeding  gaseious  chlorine  from  a 
cylinder  to  the  carbon  cathode.  In  the  sodium  cell,  tablets 
of  sodium  amalgam  are  periodically  fed  into  the  electrolyte 
and  are  used  as  the  anode  material. 

Cells  have  also  been  proposed  which  are  activated  by 
heat.  As  an  example,  we  can  point  to  the  cell  with  a  cathode 
of  manganese  dioxide,  and  anode  of  magnesium,  and  an  electro¬ 
lyte  of  solid  anhydrous  caustic  soda.  In  the  Inactivated 
state,  the  cell  has  a  long  shelf  life  and  can  operate  on  very 
small  currents  just  as  all  the  other  cells  with  solid  electro¬ 
lytes.  However,  after  its  activation  by  heating  to  the 
melting  point  of  the  electrolyte  (320°)#  the  cell  can  operate 
at  comparatively  large  loads  (3  mllliamperes/square  centimeter 
of  anode  surface)  and  a  voltage  of  1.3  volts. 

Cells  of  continuous  action.  Fuel  cells.  At  the 
present  time,  considerable  interest  is  being  exhibited  toward 
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Pig.  4.  Curve  Of  voltage -“tine  of  the  dis¬ 
charge  of  a  copper-magnesium  cell. 


elements  of  continuous  action,  during  the  operation  of 
which  the  electrochemically  active  substances  or  the 
electrolyte  are  fed  continuously  into  the  reaction  zone. 

The  advantages  of  these  cells  ere  in  the  small  polarization 
of  the  electrodes,  high  efficiency,  long  service  life,  and. 
other  characteristics  which  it  possible  to  employ  electro¬ 
chemical  systems  in  those  places  where  the  utilization  of 
ordinary  cells  is  difficult.  As  an  example  of  this  is 
the  already  mentioned  chlorine  or  sodium  and  also. gaseous 
hydrogen- oxygen  cells. 

The  development  of  gaseous  hydrogen-oxygen  cells 
should  be  regarded  as  the  first  step  in  the  solution  of  the 
problem  of  a  fuel  cell  in  which  the  chemical  energy  of  the 
combustion  of  the  fuel  is  converted  directly  into  electrical 
energy.  Recently,  interest  in  this  problem  which  was  ad¬ 
vanced  as  far  back  as  the  Seventies  of  the  previous  century 
by  P.  N.  Yablochkov  has  increased  noticeably. 

At  the  present  time,  two  types  of  hydrogen-oxygen 
cells  are  close  to  practical  realization.  In  the  Bacon  cell 
the  electrochemical  process 

2H2  +02  - >  2H20+4F  (3) 

proceeds  at  a  high  pressure  (50  atmospheres)  and  e  tempera¬ 
ture  of  i?00°  on  the  boundary  between  the  porous  nickel 
.electrodes  and  the  alkaline  electrolyte.  Rather  high  cur¬ 
rent  densities  (0.6  emperes/square  centimeter)  can  take  place 
in  this  cell;  however,  its  design  and  operation  are  rather 
complex.  . 

The  hydrogen-oxygen  cell,  which  operates  at  a  low 
pressure  (1-2  atmospheres)  and  a  temperature  below  100°, 
deserves  great  attention.  The  eleotrodes  in  this  cell  are 
made  of  carbon,  activated  platinum,  or  other  metals.  The  t 
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hydrogen  but  also  other  combustible  gases  (CO,  hydrocarbons, 
etc.)#  are  of  interest. 

Problems  and  prospects.  The  above  presentation  shows 
that  during  the  last  10-15  years  in  the  development  of 
electrochemical  sources  of  current  noticeable  progress  has 
been  attained  on  the  use  of  new  electrochemical  systems.  An 
illustration  of  this  is  the  comparison  of  the  indexes  of 
specific  energy  and  power  of  manganese-zinc  batteries, 
alkaline  cadmium-nickel,  and  lead-acid  storage  batteries  with 
the  indexes  of  the  new  sources  of  current  (Fig.  5)*  The 
existing  electrochemical  sources  of  current  far  from  completely 
satisfy  in  a  satisfactory  manner  the  continuously  growing  re¬ 
quirements  imposed  upon  them.  For  this  reason,  one  of  the 
most  important  problems  in  this  field  was  and  remains  the 
problem  of  'the  maximum  increase  of  the  technical  indexes 
of  existing  and  the  developmert  of  new  cells  with  higher 
indexes  of  specific  energy  and  power,  service  life,  and  shelf 
life,  efficiency  within  wide  limits  of  temperatures. 

At  the  present  time,  it  is  possible  to  formulate  more 
concrete  problems,  the  solution  of  which  would  be  of  great 
significance  for  the  national  exonomy.  First  of  all,  it  is 
necessary  to  create  a  storage  battery  which  would  have  high 
indexes  of  service  life  and  shelf  life,  the  production  of 
which  would  not  require  critical  and  nonferrou3  metals.  The 
solution  of  such  a  problem  would  make  it  possible  to  utilize 
on  a  greater  scale  the  energy  of  winds,  solar  radiation,  etc. 
for  the  electrification  of  the  country  and  also  to  improve 
substantially  the  atmosphere  of  large  cities  by  replacing  in 
automobiles  the  internal  combustion  engines  with  engines 
which  operate  on  storage  batteries. 

The  second,  no  less  important,  problem  is  the  develop¬ 
ment  of  a  reliably  operating  fuel  cell;  in  the  first  place, 
a  gaseous  cell,  which  would  make  i'c  possible  to  utilize  more 
fully  the  energy  of  the  fuel  in  particular,  the  energy  of 
natural  gases.  The  solution  of  the  indicated  problems  will 
require  the  expenditure  of  large  efforts  to  overcome  the 
difficulties  of  a  scientific  as  well  as  of  a  technical  nature. 
It  can  be  found  on  the  basis  of  a  wider  utilization  of  scien¬ 
tific  accomplishments  of  theoretical  and  applied  electro¬ 
chemistry  as  well  as  of  related  branches  of  science. 
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Miniature,  low-power  special  incandescent  lamps  for 
110-230  volts  kve  intended  for  local  illumination,  light 
signals,  illumination  of  instrument  scales,  and  other 
purposes. 

The  lamps  have  considerably  smaller  over-all  dimensions 
than  incandescent  lamps  cf  the  3ame  power  of  general  use.  In 
the  case  of  some  lamps,  the  decrease  in  the  dimensions  is  ob¬ 
tained  through  a  reduction  of  the  life,  and  in  the  case  of 
Others,  through  a  reduction  in  the  light  emission. 

The  incandescent  body  of  the  lamps  is  in  the  form  of 
a  wolfram  spiral  mounted  on  molybdenum,  holders .  The  shells 
of  the  lamps  have  a  cylindrical  spherical,  or  conical  form. 

In  the  case  of  STs-19  lamps,  the  shell  has  an  outside  matte 
surface.  All  the  lamps  are  being  produced  with  a  vacuum, 
the  gas  rarefication  in  the  shell  being  lO-^--!©"^  milli¬ 
meters  of  mercury . 

For  connecting  to  the  electrical  network,  the  lamps 
are  equipped  with  a  threaded  or  prong  base  in  accordance  with 
GOST  2520-51.  It  is  permitted  to  replace  the  threaded  Rl4 
bases  by  the  lShl5  and  2Shl5  prong  bases.  In  case  of  such  a 
substitution,  the  complete  length  of  the  lamp  is  reduced  by 
six  millimeters.  It  is  also  permitted  to  replace  the  R27 
threaded  bases  for  the  2Sh22  prong  bases.  In  case  of  such  a 
substitution,  the  complete  length  of  the  lamp  is  reduced  by 
three  millimeters . 

The  type  SGI 3  and  SGI  4  lamps  are  equipped  with  the 
2F-DZ0  focusing  disk  base  in  accordance  with  GOST  6129-52. 

The  incandescent  body  of  these  lamps  has  a  width  not  more 
than  12  millimeters,  a  thickness  not  ever  four  millimeters, 
and  a  height  not  over  14  millimeters.  The  use  of  a  focusing 
base  and  the  observance  of  accurate  dimensions  of  the  in¬ 
candescent  body  makes  it  possible  without  regulation  (in  the 
illuminating  device)  to  combine  the  light  center  of  the  lamp 
with  the  focus  of  the  optical  system.  All  the  lamps  can 
operate  in  any  position.  The  design  of  the  lamps  makes  it 
possible  to  operate  them  under  conditions  of  vibration  with 
an  acceleration  up  to  2.5  g« 
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